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1.

1.1.

 « » 
Oleum,  « »  . 

 Agricola  1556. 
. 

, , 
. 

, , 
. 

 ( ),  ( ) 
, 

( . ,2007).

1.2.  

, , ,
. 

 1000 C,  80-100 
. 

. 

, . 
, 

, , , , . 
 CnH2n+zXaYbZc,  X,Y,Z , z 

,  a, b, c .
:

1.  ( ), , 
CnH2n+2.
2.  ( ).  ( ) 

 ( ) .
 ( )

.



[8]

. 
: CnH2n , CnH2n-2 

.
3.  ( ), , . 

.
, 

. : CnH2n , CnH2n-
2, .
4.  CnH2n-2. .
5. , . 

, 
. 

, . 
 CnH2n-6 

.
, , 

. , 
. 

. 

. 

.
. 

,  –CH2. 

.
, 

,  20 C.

. 
. , 

, . 
. 

,  75. 

  . , 2008).
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1.2.1.

:

1. :
: 

 (specific gravity)  (API gravity)  American
Petroleum Institute (API).  (specific gravity) 

.  API (API gravity)  10 
 10 0C (60F).  API (API gravity) 

:

API Gravity(o)=141.5/ (specific gravity(16 0 C/600 F)) - 131.5

 API
.  0,79  1,00
 API  10  48) (Clark and Brown, 1977).

.

2. :

. , 
. 

. 
.

3.  (Pour Point):

.  -57 0C 
32 0C. 

.

4. :

. , 
30 mg/L. 

, . 
, 

.

, 
,  (adhesion).



[10]

1.3 

1.3.1. (WEATHERING)

, , (bitumen).
 ,

 (
 ) 

 (weathering process) .

1.3.1.1 

,  (persistent) 
(non persistent), 

. 
, , , 

, 
.

, ,
, 

.

:

 (spreading):
,

, .
, , 

. 
.

, , 
' . 

 0,3
mm  12 . 

, 
 0,5  (1  = 103 ).
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 (evaporation):

, 
. 

, 
, .

. 
. 

 40%    48 ,

. 
, , 

, 
, .

 (dissolution): , 

. 
, , 

, . , 
 ( ), 

.
 (biodegradation): 

, 
. 

, , 
. 

,    
. 

' 
. 

 25° C.  5° C . 
 (6  8 mg )

: 3  4 mg  mg 
CO2   2 .



[12]

(emulsification):
: , 

. 

.
            :

 90% . 

, , 
.

.
             (oxidation): 

. 
, . 

 1% . 
, 

. 
. 

. 
, 

.
 (sedimentation and sinking):

. , 

. 
, . .

:
, 

 3% . , 
( .,

2005).

, 
,  1.



[13]

 1: .

1.4 

. 
, 

, , ,
.  1,7  8,8 

,
 90% 

. 
,  12% 

. 
, 



[14]

 .
 Prestige  2002 

 (Fernandez Alvarez P. et al,  2006).

 2: 
( International Petroleum Industry Environmental Conservation Association, 2000.)

 100.000.000 , 
, 

. , '  330.000 
, 

 1.000000 . 

. 
, 

 ( Santas R.,et all., 1999).



[15]

1.5 

1.5.1 

, 
. :

1. .
2.

.
3.

.

1.5.2 

  .
 , . 

. 
, 
. 

, 
.  37.000  North

Slope  Prince William Sound, , Exxon Valdez
 1989 

, 
 (Spies R.B., 1996).

 4:   



[16]

1.5.3 

,  ( ,
, ) 

, .
, 

:
1. , 

.
2. ,

, 
.

3.
.

 ,
 ,

 .

1.6   

  , , 
 .

  
. 

  , : Options
for Minimizing Environmental Impacts of Freshwater Spill Response (NOAA ,1992) ,
and Oil Spill Response in the Marine Environment (Doerffer, J.W, 1992).

1.6.1 

 (natural attenuation) 

. , 

. 

, 
 (cleanup actions) 

  
. 

, 
  .
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1.6.2. 

  

. 
:

1. Booming and skimming: 

. 

.
2. Wiping with absorbent materials:

. 
, 

.
3. : 

, 
. 

. 

.
4. : 

. 
. 

, , 
.

5. Sediment relocation and tilling: 

 (tilling) 

. 

. 

.
In-situ burning: 

, 
. 

.
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1.6.3 

,  , 
. ,

, 
, 

 (Prince, R. C ,et al., 1994). 
  

.
:

1. :  (dispersing agents), 
, 

. 

.
2. Demulsifiers:

(oil-in-water) .
3. Solidifiers:

,

.
4. Surface film chemicals:  film-forming agents 

(
., 2005).

1.7  (BIOREMEDIATION) 

,  (physical removal), 
, 

.  Office of Technology Assessment (Office of
Technology Assessment, 1990), 

 10-15% 
. 

Exxon Valdez  1989 (Bragg J.R. et al ,
1994).

 "

" (Office of Technology Assessment , 1991).



[19]

 (Atlas, R. M. , 1984 ; Atlas, R.M. 1981 ;  Prince, R.C.,
1993).

      
. 

:
•  (bioaugmentation),

, 
•  (biostimulation),

, 
 ( .  (surf-

washing), , .).

, , 
 (Prince, R.C. ,1993 ; Swannell, R.P.J., et al.,

1996). 

 (Lee, et al. 1997 ; Venosa, et al
,1996).

. ' , .

 (
), 

.

,  "
" . 

  . 
. 

. 
. 

, , 
. 

 (bioremediation agents). 

 (Swannel, et al,  1996).
, 

, 
. 

.
, 

. 



[20]

, 

, (Mearns  , 1997).

, .
, 

, 
 (Venosa A.D. , 1998). 

, 
, 

. 

 U.S. Environmental
Protection Agency (EPA),  Cincinnati, 
Fisheries and Oceans Canada.

1.7.1 

, 

.
:

1. . 

  
.

2.
.

3.   
., ) 

.
4.  on-site 

. 

, 
' .

:
1.   , 

. 
, 
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, 
. 

 . 

.
2.

. 

.
3. . 

 " " 
, 

. (Jordan, R.E. and Payne,
J.R. , 1980).

: :
• ’

•
•
•
•

•
•
•

   :
•

•

•

•

1.8.  LANDFARMING

 land farming    .
’ 
.

 (biostimulation).

  :

•   ( ).
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•  (

).

•  Ph (  pH  pH  
).

•  ( . , .).

 land farming 
’ 
, , , 

.   
 (http://www.cpeo.org).

:

 :

•

•   
 ( ., ,  ) 
, 
.

• .

• , , 
, 

.

• , 
.

•
.

• ,  , ,
, 

  
.

•    "Land-ban" « -
» 

 (http://www.frtr.gov/matrix2/section4/4_13a.html).

 landfarming 
.    ,

. 
  .( ) .

http://www.cpeo.org
http://www.frtr.gov/matrix2/section4/4_13a.html
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 landfarming   

  .

 landfarming :  diesel, No. 2  No. 6
, JP-5  ( Cooney J.J.  , 1984).

1.9 

, 
. 

  
. 

200 

 40  (Zobell C.E.  ,1973). , 

:Achrornobacter,acinetomyces
,actinomyces, aeromonas, alcaligenes,bacilius, brevenobacterium, pseudomonas
,fungi, candida,gonytrichum, mucor,trichoderma, trichosporon.( Cooney  J.J.   ,1984).

.

.  "  (pristine)" , 

 0,1% 
,  100% 

 (Atlas, R.M.   ,1981).

. , 

 (consortia). 

. 
, 

. 
, 

 (Karrick  N.L.   ,1977).
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1.10 

. 
 :

 :
 1.3.1 

. 

n . , 
, 

 (National Academy of Sciences   ,1985).

 (Atlas, R.M. and Bartha R.  ,1992).
, 

. , 
, 

. 

  
. 

 (biosurfactants) 

 (Singer M.E. and Finnerty W.R.  ,1984). , 
 (dispersants) 

. 
, .

, 
. , 

.  ,

. 

.

. 
, , 

, 
. 

 ( ., ), 
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. 
, 

.

. 
, 

. 
 0-2 0C          -

1.1 C .

. 

 . 

. 
, 

. 
, , 

(substrates).

, 

. , 

 . 
,  PAHs 

 . 

.

,  150 mg  30 mg 
 1g . 

 . 
,  (nutrient limitation) 

.  (potential limiting nutrient) 
, 

.

 pH .  pH 
. 

 pH, 
. 



[26]

 pH 
.

. 
 2.5  3.5% 

 1.5  2% . 
, 

 3.3  28.4% .

.( Foght, J.M. and Westlake   ,1987).

2.

(Most Probable Number) 
 GC/MS.

2.1 
, 

. 
 :

•

•  –

•

•

 .

  

 ‘ ’ . 

  . 
:

•
•
•
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•

:

: 

 .

.

2.2.
:

  :

1.

2.

3.

4. 250-ml 

5.    2ml,10 ml,25 ml

6. Falcons  25ml

7. Pans( )

8.

9.

10.

11.  0.1mg

12.   marine broth

13. Bushnell-Hass medium

14. Microtitier MPN plates(96-well)

15. loops

16.

17.  INT
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2.2.1.

•

 11,2 g marine  250 ml
 200ml .

.

.

•  (Bushnell-Hass medium)

 3,27g  Bushnell-Hass medium 
 1 L  1 L . 

.

, 
.

•  MPN

ü :

 10g  90ml BH-
Medium.    1 ml 

 9 ml  Bushnell-
Hass  (  1:10)  Wrenn and Venosa(Wrenn A,
Venosa AD.  ,1996). , 

 (1 ml  9 ml
 Bushnell-Hass  10-9 ).

ü  96 microtiter well MPN plates (
) :

,  180 l Bushnell-Hass  
.

 5 l .
 20 l 

.  3 
.  ( ) (

).
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  MPN plates  20 °C.  14 , 
20 l  INT (

. 
. 

. 
.( EPA  , 2003 edition).

•

 100 l  1 .   
.

2.2.2   
:

  :

1.  Pasteur

2.

3.

4.

5.   SOXHLET

6.

7.

8. Vials 20ml

9.  SPE(Solid Phase Extraction)

10.  (Nitrogen flow)

11. GC/MS 



[30]

2.2.3 

•  SOXHLET

 8-10 
 .  1  ,

) .  20-30g , 
. 

. 
 soxhlet.

 300ml 
   

  soxhlet.  ‘ ’  1
.

 24 .

                 5:  soxhlet.

• ROTAVAPOR ( )

 soxhlet  (  40  C),

.
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•
.

•  SPE

.  5-10mg (0,005-
0,01g)  1ml .SPE precondition  4 ml

 fruction( ) 4ml )
 fruction( ) 4,5-5ml  ( )

 2,5ml  2,5ml 
 1 ml( )  ml .

 10 ml 
  

 2 ml .
  5ml . 

, 
 wastes.

 10
.

 4ml .
 : 1, 2…

.
 3  4,5 ml 

.
:R1,R2….

 6:  SPE
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• (Nitrogen flow)

 Pasteur 

 1 ml.

• GC/MS

GC/MS. ,  (internal standard)

. 
 (relative response factor - RRF)

.  "
," 

.  GC/MS 
:

1.   
 1:100-1:150 

.
2.  1ml  50 l  200 ppm 

 GC.
 10 ppm.

 4 .: d
8
-naphthalene, d

10
-anthracene, d

12
-

chrysene  d
12

-perylene.
3.

. 

.
4.  ( ,  ,

 acquisition form
.

5.  MS  EPA 8270. 

 5,19.5,39  78 ppm.  4

 2  RRFs . 
)  Absolute

Standards, Inc.
6. 

,
:
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RF= x* Cis/(Cx *Ais)
:

               RRF

x =
 ( )

Ais = 

Cx =  (ng/ L)
Cis =  (10 ng/ L).

.)
7.  integrated abundance 

 3.
8. 

. 
 (  4) (EPA ,2003 edition)

                7:  GC/MS
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 1:

Internal
standard

d
8
-naphthalene d

10
-

anthracene
d

12
-

chrysene
d

12
-perylene

nC10-nC15 nC16-nC23
Pristane
Phytane

-
androstane

nC24-nC29 nC30-nC35
C3017 (H),21 (H)-hopane

Naphthalene Dibenzothiop
hene
Fluorene
Anthracene
Phenanthrene

Fluoranthen
e
Pyrene
Chrysene

Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(e)pyrene
Benzo(a)pyrene
Perylene
Indeno(g,h,i)pyrene
Dibenzo(a,h)anthracene
Benzo(1,2,3-cd)perylene



[35]

 2:  GC/MS.

n-alkanes (C
10

-C
35

) 85
Pristane 85
Phytane 85
Naphthalene 128
C1-naphthalenes 142
C2-naphthalenes 156
C3-naphthalenes 170
C4-naphthalenes 184
Fluorene 166
C1-fluorenes 180
C2-fluorenes 194
C3-fluorenes 208
Dibenzothiophenes 184
C1-dibenzothiophenes 198
C2-dibenzothiophenes 212
C3-dibenzothiophenes 226
Anthracene 178
Phenanthrene 178
C1-phenanthrenes 192
C2-phenanthrenes 206
C3-phenanthrenes 220
Fluoranthene/pyrene 202
C1-pyrenes 216
C2-pyrenes 230
Chrysene 228
C1-chrysenes 242
C2-chrysenes 256
Hopanes (177 family) 177
Hopanes (191 family) 191
Steranes (217 family) 217
Benzo(b)fluoranthene 252
Benzo(k)fluoranthene 252
Benzo(e)pyrene 252
Benzo(a)pyrene 252
Perylene 252
Ideno(g,h,i)pyrene 276
Dibenzo(a,h)anthracene 278
Benzo(1,2,3-cd)perylene 276
d

8
-naphthalene 136

d
10

-anthracene 188
d

10
-phenanthrene 188

d
12

-chrysene 240
d

12
-perylene 264

-androstane 260
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 3:

n-C10 n-C10 C2-naphthalene  Naphthalene.
n-C11 n-C11 C3-naphthalene  Naphthalene.
n-C12 n-C12 C4-naphthalene  Naphthalene.
n-C13 n-C13 Fluorene Fluorene.
n-C14 n-C14 C1-fluorene Fluorene.
n-C15 n-C15 C2-fluorene Fluorene.
n-C16 n-C16 C3-fluorene Fluorene.
n-C17 n-C17 Dibenzothiophene  Dibenzothiophene.
Pristane Pristane C1-dibenzothiophene  Dibenzothiophene.
n-C18 n-C18 C2-dibenzothiophene  Dibenzothiophene.
Phytane Phytane C3-dibenzothiophene  Dibenzothiophene.
n-C19 n-C19 Phenanthrene Phenanthrene.
n-C20 n-C20 Anthracene Anthracene.
n-C21 n-C21 C1-phenanthrene  Phenanthrene.
n-C22 n-C22 C2-phenanthrene  Phenanthrene.
n-C23 n-C23 C3-phenanthrene  Phenanthrene.
n-C24 n-C24 Fluoranthene Fluoranthene.
n-C25 n-C25 Pyrene Pyrene.
n-C26 n-C26 C1-pyrene Pyrene.
n-C27 n-C27 C2-pyrene Pyrene.
n-C28 n-C28 Chrysene Chrysene.
n-C29 n-C29 C1-chrysene Chrysene.
n-C30 n-C30 C2-chrysene Chrysene.
n-C31 n-C31 Benzo(b)fluoranthene  Benzo(b)fluoranthene.
n-C32 n-C32 Benzo(k)fluoranthene  Benzo(k)fluoranthene.
n-C33 n-C33 Benzo(e)pyrene  Benzo(e)pyrene.
n-C34 n-C34 Benzo(a)pyrene  Benzo(a)pyrene.
n-C35 C

30
17 (H),21

(H)-hopane
n-C35 C

30
17 (H),21

(H)-hopane
Perylene
ideno(g,h,i)pyrene

Perylene
ideno(g,h,i)pyrene

 -androstane  -androstane  Dibenzo(a,h)anthracen
e

Dibenzo(a,h)anthracen
e.

C1-naphthalene Naphthalene Benzo(1,2,3-
cd)perylene

Benzo(1,2,3-
cd)perylene
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3.

3.1 

. 

. 
 . 

. 
 14 C .

3.2  

3.2.1 

 3.2.1.1 

:
 2 g N/100 g  0.01 g N/0.5 g  0.01 g N/100 mL 
0.2 g P/ 100 g  0.001 g P/0.5 g  0.001 g P/100 mL 

:
•  (33% N, =168,11):

 168,11 g  56 g  N
 x g  0,01 g  N

: x=0,03 g 
•  (9.5% P, 22% , =325)

 325 g  31 g  P
 y1 g  0,001 g  P

: y1=0,01048 g 

 22% 
:

 100 g  22 g 
 y2 g  0,01048 g 

: y2=0,0476  g 

• KNO3:( =101)
 101 g KNO3  14 g  N
 x1 g KNO3   0,01g  N

: x1 =0,0721g KNO3

• KH2PO4 ): ( =136)
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 325 g KH2PO4  31 g  P
 y3 g KH2PO4  0,01 g  P

: y3=0,0044 g  KH2PO4

 5 ,  1  (control) 
 ,  2  3  (ULR1,ULR2)

  
 4  5 (NPK1,NPK2) 
  KNO3   KH2PO4  :

 ULR1: :4,7701 g    20%  (DCM) ,3,5 ml
biosurfactant  100 ml :3,0044 g  100 ml

 ULR2: :4,7741g  20 ml DCM  3,5 ml biosurfactant   100
ml :3,0012 g  100 ml .

 NPK1:7,2132 g  KNO3 0,4451 g KH2PO4  100 ml
.

 NPK2:7,2153 g  KNO3  0,4407 g KH2PO4  100 ml
.

 8:  CONTROL,ULR1,ULR2,NPK1,NPK2.

 200 0C 



[39]

 ( ).     freeze-
dryer  Soxhlet.  24 

. 

. 
 freeze-drying 

 (sodium solphate)(  400 C   4  ) 
 .
 GC/MS 

 (surrogate recovery standard )  5a-androstane 
 DCM  d10-athracene.

 (internal standard) 
acenathrene-d10,chrysene-d12,1,4-dichlorobenzene-d4,naphalene-d8,perylene-
d12,phenathrene-d10.

3.2.2.

   10 g (
1)  10 g   (  2) 
0,7,14,21,30,38,45  15 g  0,7,15,30,45

. (  3). 
 5 

 20 %. 
 2.2.
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4.

 0,7,14,21,30,38,45 
0,14,30,45  .

4.1 CONTROL

4.1.1 

 MPN 
 MPN .   

.

  0 7 15 21 30 38 45

log MPN

(count\gr)

3,431364 3,812913 3,812913 3,431364 2,90309 3,623249 2,60206

 1.1:  CONTROL

               
 14  .  30 

 ,  38 
45   .
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4.1.2 

 1.2:  CONTROL

 1.3:  17a21b hopan

                
 (C17- C21)  30

 45  .



[42]

 1.4:  CONTROL

          
 45  15 

 .



[43]

4.2 NPK1

4.2.1 

 MPN 
 MPN .   

.

  0 7 15 21 30 38 45

log MPN

(count\gr)

3,255273 3,812913 4 4,20412 3,255273 3,812913 2,903092,90309

1.5:  NPK1

                     21 
,  28  38 
 45 



[44]

4.2.2. 

1.6:  NPK1

1.7:  17a21b hopan

           
 (C14-C20) 

(C21- C35).



[45]

 1.8:  NPK1

        
 30 

.



[46]

4.3 NPK2

4.3.1.

 MPN 
 MPN .   

.

0 7 15 21 30 38 45
LOGMPN(count\gr) 0 4 4 4 3,431364 3,431364 400

 1.9:  NPK2

         
 14 .  30

 45 .



[47]

4.3.2. 

 1.10:  NPK2

 1.11:  17a21b hopan

            15
 (C17- C20)   

.



[48]

 1.12  NPK2

             45 
  .



[49]

4.4 ULR1

4.4.1. 

 MPN 
 MPN .   

.

0 7 15 21 30 38 45
LOGMPN(count\gr) 0 3,623249 4,20412 4,690196 3,255273 4,477121 4,113943

 1.13:  ULR1

          
 21 ,  30 .

 38  45  .



[50]

4.4.2. 

 1.14:  ULR1

 1.15:  17a21b hopan

            
 15 

(C14- C20).  45   .



[51]

 1.16:  ULR1

          
 45

 .



[52]

4.5   ULR2

4.5.1. 

 MPN 
 MPN .   

.

0 7 15 21 30 38 45
LOGMPN(count\gr) 0 4,477121 4,690196 4,20412 3,255273 4 4,690196

1.17:  ULR2

          
 15  30

.  45 
.



[53]

4.5.2. 

 1.18:  ULR2

 1.19:  17a21b hopan

 (C15- C20).



[54]

 1.20:  ULR2

 100%.



[55]

5. 

5.1. 

.

 1.21:

            
 ULR1 

.  21

 (  200ml 
 500 ml).  NPK1 

 .
   . ,

 CONTROL 
 NPK1  NPK2.



[56]

5.2. 

.

 1.22:
.

         
. 
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1.
(MPN)

WET POLLUTED SAND FOR 10g

control

c#0 10,0298
c#7 10,0555

c#15 10,0603

c#21 10,0609

c#30 10,1168

C#38 10,1757

C#45 10,299
NPK1

NPK1#0 10,0113

NPK1#7 10,0185

NPK1#15 10,0464

NPK1#21 10,0703

NPK1#30 10,1672
NPK1#38 10,1804

NPK1#45 10,0822

NPK2 10,0285

NPK2#0 10,0369

NPK2#7 10,075

NPK2#15 10,0962
NPK2#21 10,0285

NPK2#30 10,2612

NPK2#38 10,1587

NPK2#45 10,1292

ULR1

ULR1#0 10,0912
ULR1#7 10,169

ULR1#15 10,0782

ULR1#21 10,1308

ULR1#30 10,3421

ULR1#38 10,1406

ULR1#45 10,3932
ULR2

ULR2#0 10,0533

ULR2#7 10,0188

ULR2#15 10,0186

ULR2#21 10,1603

ULR2#30 10,067
ULR2#38 10,2655

ULR2#45 10,1348
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2.       

 ALUM.PAN 1 WET SAND 1 DRY SAND+PAN 1 ALUM.PAN 2 WET SAND 2 DRY SAND+PAN 2

control

c#0 2,7429 10,0348 10,06457 2,7546 1,0268 3,5658
c#7 2,7331 10,0757 11,6205 2,7565 10,5881 12,0643

c#15 2,7342 10,0298 12,0217 2,7461 10,0162 12,0351

c#21 2,7462 10,1106 11,6354 2,7263 10,078 11,6493
c#30 2,7524 10,2296 12,5212 2,7503 10,0845 123.785

C#38 2,7407 10,158 12,0353 2,7278 10,181 11,9911
C#45 2,7517 10,3199 12,1212 2,7538 10,2512 12,0254

NPK1

NPK1#0 2,7415 10,0263 10,6569 2,7438 1,0564 3,5846
NPK1#7 2,7387 10,1142 11,6269 2,7264 10,0155 11,4396

NPK1#15 2,7501 10,0393 11,8487 2,7355 10,903 12,5907

NPK1#21 2,7327 10,2806 11,9193 2,7578 10,427 12,1041
NPK1#30 2,7491 10,0293 12,2649 2,7519 10,1121 12,2455

NPK1#38 2,7509 10,0605 11,9055 2,7418 10,1425 11,9439
NPK1#45 2,7412 10,296 11,9123 2,7515 10,1373 11,8465

NPK2

NPK2#0 2,7313 10,5244 11,0963 2,7351 1,0636 3,5752
NPK2#7 2,7386 10,3939 11,8699 2,7294 10,0156 11,5098

NPK2#15 2,758 10,0306 11,9254 2,7476 10,0377 11,8188

NPK2#21 2,7405 10,0355 11,7506 2,7447 10,3052 11,9255
NPK2#30 2,7681 10,1539 12,3207 2,7696 10,0141 12,1723

NPK2#38 2,7634 10,2765 12,0826 2,7394 10,0487 11,7945
NPK2#45 2,7481 10,3966 12,1565 2,7591 10,0787 11,697

ULR1

ULR1#0 2,7616 10,0224 10,7623 2,747 1,0309 3,5699
ULR1#7 2,7422 10,0046 11,9376 2,7547 10,0043 11,8373

ULR1#15 2,7601 10,0072 12,0872 2,7697 10,0265 12,0952

ULR1#21 2,7353 10,4503 12,0763 2,7581 10,2531 11,7933
ULR1#30 2,7555 10,0109 12,2008 2,7588 10,1112 12,4105

ULR1#38 2,7455 10,1516 11,9435 2,7358 10,0519 11,7942
ULR1#45 2,7542 10,3884 12,1347 2,7564 10,1878 11,9193

ULR2

ULR2#0 2,7518 10,0882 10,8004 2,7553 1,1959 3,7112
ULR2#7 2,7671 10,1867 11,9196 2,7427 10,0479 11,8602

ULR2#15 2,7417 10,0658 12,1089 2,7474 10,0333 12,2126

ULR2#21 2,7576 10,1379 11,7046 2,7516 10,1511 11,8011
ULR2#30 2,7567 10,1683 12,3942 2,7483 10,1219 12,4538

ULR2#38 2,7534 10,0971 12,2985 2,7546 10,1937 12,2764
ULR2#45 2,755 10,4368 12,4139 2,7591 10,6707 12,5395
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3.

pollUted
sand

tube 1 S polluted sand(g) tube 2 S polluted sand(g)

control

c#0 23,5034 15,0249 23,6326 15,9656
c#7 23,5979 15,0791 23,6486 15,096

c#15 23,5172 15,0478 23,633 15,0579

c#30 23,6914 15,0856 23,6884 15,1258
c#45 23,6313 15,2748 23,8216 15,1458

NPK1
NPK1#0 23,8443 15,0475 23,6677 15,0887

NPK1#7 23,9288 15,1045 23,8064 15,0765

NPK1#15 23,8927 15,033 23,5868 15,0104
NPK1#30 23,7419 15,0726 23,5567 15,1383

NPK1#45 23,5297 15,2879 23,8429 15,177

NPK2
NPK2#0 23,6934 15,0913 23,7163 15,0099

NPK2#7 23,5082 15,0764 23,7236 15,0664
NPK2#15 23,6767 15,0624 23,6501 15,0625

NPK2#30 23,5008 15,0164 23,5907 15,2049

NPK2#45 23,6587 15,102 23,5667 15,2707
ULR1

ULR1#0 23,6309 15,011 24,0895 15,0849

ULR1#7 23,771 15,1957 23,4971 15,0576
ULR1#15 23,974 15,0446 23,8193 15,0113

ULR1#30 23,7767 15,2135 23,4568 15,0693
ULR1#45 23,5014 15,2851 23,698 15,2943

ULR2

ULR2#0 23,6485 15,0277 23,7983 15,0094
ULR2#7 23,7209 15,0718 23,5955 15,0884

ULR2#15 23,5614 15,0636 23,5757 15,0039

ULR2#30 23,7903 15,2399 23,5326 15,1206
ULR2#45 24,3031 15,0131 23,5116 15,0461
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O PLA E  COUN

  DILU IONS
  1.10  1/100  1/1000  1/10000  1/100000  1/1000000

Control 0 1 0 1 2 1 2 1 2 1 2 1 2
c#0 0 0 0 0 0 0 0 0 0 0 0 0 0
c#7 0 0 0 0 0 262 187 0 0 0 0 0 0
c#15 0 0 0 0 0 433 0 118 0 0 0 0 0
c#21 0 0 0 0 0 0 0 0 0 156 0 22 0
c#30 0 0 0 0 0 0 0 0 0 1 0 0 0
C#38 0 0 0 0 0 0 0 0 0 2 0 0 0
C#45 0 0 0 0 0 0 0 0 0 0 0 0 0
NPK1 0 0 0 0 0 0 0 0 0 4 5 0 0
NPK1#0 0 0 0 0 0 0 0 0 0 0 0 0 0
NPK1#7 0 0 0 0 0 175 146 0 0 0 0 0 0
NPK1#15 0 0 0 0 0 372 0 89 0 0 0 0 0
NPK1#21 0 0 0 0 0 0 0 0 0 112 0 1 0
NPK1#30 0 0 0 0 0 0 0 0 0 5 0 0 0
NPK1#38 0 0 0 0 0 0 0 0 0 46 0 7 0
NPK1#45 0 0 0 0 0 0 0 0 0 19 0 0 0
NPK2 0 0 0 0 0 0 0 0 0 4 0 5 0
NPK2#0 0 0 0 0 0 0 0 0 0 0 0 0 0
NPK2#7 0 0 0 0 0 0 0 258 0 0 0 0 0
NPK2#15 0 0 0 0 0 0 0 0 0 144 0 0 0
NPK2#21 0 0 0 0 0 0 0 0 0 36 0 21 0
NPK2#30 0 0 0 0 0 0 0 0 0 6 0 2 0
NPK2#38 0 0 0 0 0 0 0 0 0 46 0 0 0
NPK2#45 0 0 0 0 0 0 0 0 0 4 0 5 0
ULR1 0 0 0 0 0 0 0 0 0 0 0 0 0
ULR1#0 0 0 0 0 0 0 0 0 0 0 0 0 0
ULR1#7 0 0 0 0 0 0 0 0 0 0 0 0 0
ULR1#15 0 0 0 0 0 37 45 0 0 0 0 0 0
ULR1#21 0 0 0 0 0 0 0 246 0 64 0 0 0
ULR1#30 0 0 0 0 0 0 0 0 0 173 0 9 0
ULR1#38 0 0 0 0 0 0 0 0 0 36 0 23 0
ULR1#45 0 0 0 0 0 0 0 0 0 14 0 10 0
ULR2 0 0 0 0 0 0 0 0 0 10 0 36 0
ULR2#0 0 0 0 0 0 0 0 0 0 0 0 0 0
ULR2#7 0 0 0 0 0 11 0 0 0 0 0 0 0
ULR2#15 0 0 0 0 0 0 0 387 0 0 0 0 0
ULR2#21 0 0 0 0 0 0 0 0 0 47 0 0 0
ULR2#30 0 0 0 0 0 0 0 0 0 181 0 3 0
ULR2#38 0 0 0 0 0 0 0 0 0 89 0 35 0
ULR2#45 0 0 0 0 0 0 0 0 0 7 0 10 0
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