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Introduction

Polycyclic aromatic hydrocarbons (Polynuclear ar-
omatic hydrocarbons -PAHs) are perhaps the most exten-
sively studied components in polluted air, water, soil, and
foodstuffs. This is a consequence of PAHs having been
shown to be carcinogenic and mutagenic to laboratory
animals as well for man [1-3]. PAHs are found in air, soil,
and water, in many members of both animal and plant
kingdoms, marine and non-marine sediments and also as
spectrum of foods, including smoked foods, processed  rice,
roasted coffee, baked goods, barbecued meat, raw agricul-

tured commodities (such as oranges), and products such
as commercial waxes and paraffins, mineral oil and
solvents. The majority of PAHs in the environment is
derived during incomplete combustion of organic substanc-
es at high temperature and under pyrolytic conditions. At
temperatures of 400-500oC organic components are
partially creaked smaller and relatively unstable molecules
(radicals) which then recombine to form larger and more stable
PAHs [4-6]. If the starting material also contains heteroatoms
(eg. oxygen, nitrogen and sulphur) then heteroaromatics are
formed in addition to PAHs. The total emission of PAHs has
been estimated at 8,600 tons per year in the USA and
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about 14,100 ton/year in Europe (Table1). Investigation
of the concentration of PAHs from Greenland showed that
the present level of these compounds is about 50 times
higher that in the preindustrial period [7,12].
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Table 1. Annual emission of PAHs in different countries [7].

(*) combined domestic heating and power stations
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snoitatsrewoP

ASU 0831 004 0053 0712 0511 0068 ]8[

nedewS 241 2 313 74 4 015 ]8[

nedewS x x x x x 002 ]9[

dnaloP 562 811 023 08 5 008 ]2[

dnaloP )*(464 x 76 53 x 665 ]01[

dnalgnE 406 6 91 08 6 217 ]6[

ynamreG x x x x x 8128 ]9[

sdnalrehteN x x x x xx 6111 ]9[

EPORUE 3689 423 548 x 09041 ]11[
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5��2������'(7.�9�����������	����	�����+�����������	������
�L�&���H��	���������	���������������
���1� ���	�������
������	��	�������"6��+�����������	��������L4��������'
���	����������������+�	����������	����������3��;44�4)<.
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9��� ������	��	����� �� ���� �)� �"6�� ��	�������� ��
�%%%=/&&&�����������	��������2�����A�'A�.�9��������B���'
	���
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	��������������2������"6������2��������9�$����A'-.
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�1� 
����C�'6�#����	����� 5��2����� �'(7� ���2��� $�	+���
/-./-'�&A.(/D����������������.�9�����+����������
�+���
�������	�������5/-./-D7����������$��,�;$<������	����
����$��,�;3<������	�����5(/.A/D7.�9�����2���	��������

+���� ��������� ��� �������� 5%/.&%D7� ���� ������	�����
5�&A.(/D7� 59�$��� (7.� 9��� ��	��	���� ����	��+���� ���2��

Table 2. Characterization of water samples.

Table 3. The characterization of PAHs determined in water samples (*).

(*)    The characterization of PAHs was based on mixture of 16 standards of PAHs  prepared by Ehrenstorfer (Germany) with concentrations
of 10.0 mg/L of each with purity 97.4-99.9%, determined by EPA 550.1. procedure.
(**)    The mean retention time values were calculated on n=10 injections.
(***)  The mean recoveries of SPE method were calculated on n=5 measurements.

.oN sHAP noitaiverbbA t
R

)**(]nim[ )**(]nim[DS )***(]%[yrevoceR ]L/gn[timilnoitceteD

.1 enelathpaN lfN 228.21 016.0 82.82 5

.2 enelythpanecA lycA 863.31 775.0 79.15 2

.3 enehthpanecA cA 631.41 335.0 81.67 1

.4 eneroulF nlF 946.41 674.0 90.29 10.0

.5 enerhtnanehP neF 139.41 834.0 23.401 1.0

.6 enecarhtnA tnA 735.51 373.0 83.98 1.0

.7
enehtnaroulF

eneryP
ulF
riP

101.61 343.0 07.78 1

.8
enecarhtna]a[ozneB

enesyrhC
A]a[B
nhC

387.61 123.0 27.36 1

.9
enehtnaroulf]b[ozneB
enehtnaroulf]k[ozneB

F]b[B
F]k[B

642.81 792.0 24.23 1

.01 eneryp]a[ozneB P]a[B 844.91 993.0 91.18 1

.11
enecarhtna]h,a[oznebiD

enelyrep]i,h,g[ozneB
A]h,a[bD
P]i,h,g[B

096.12 745.0 60.25 2

.21 eneryp]d,c-3,2,1[onednI P]d,c-3,2,1[I 724.22 385.0 15.84 5

.oN ataD ecalP selpmasretawfocitsiretcarahC emuloV

.1 0002.21-9991.70 retawgniknirD L0.2

.2 0002.21-9991.70 retawgniknirD L0.2

.3 0002.21-9991.70 retawekallaicifitrA L0.2

.4 0002.21-9991.70 retawreviR L0.2

.5 0002.21-9991.70 retawgniknirD L0.2
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Fig.1. Separation of mixture of 16 PAH standards (separation by
gradient elution on column Spherisorb 5S ODS2 250x4 mm ID
with precolumn Spherisorb 5S ODS2 4x4 mm ID from Hewlett-
Packard, USA, flow-rate 0.5 mL/min., volume of injection loop
20.0 µL, column temperature 25oC, absorbance at 254 nm was
determined) where: (1) naphtalene; (2) acenaphtylene; (3)
acenaphthene; (4) fluorene; (5) phenanthrene; (6) anthracene;
(7)fluoranthene and pyrene;(8) benzo[a]anthracene and chrysene;
(9) benzo[b]fluoranthene and benzo[k]fluoranthene; (10)
benzo[a]pyrene; (11) dibenzo[a,h]anthracene and benzo[g,h,i]-
perylene; (12) indeno[1,2,3-c,d]pyrene.

Fig.2. Separation of benzo[a]pyrene standard (condition of
RP-HPLC separations as in Fig.1.).

Fig.3. Separation of mixture of 16 PAHs standards and
benzo[a]pyrene standard (1: 10) (conditions of RP-HPLC
separation as in Fig.1.).
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9�$���A.������������	��	��������"6���������3��2�+�	������	�������'���H�
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(*)   in table are presenting ranges of PAHs concentrations from minimum to maximum in presenting period and mean concentrations
with standard deviations (SD),
(**) the concentrations of 8 cancerogenic PAHs (benzo[a]pyrene, benzo[g,h,i]perylene, benzo[b]fluoranthene, benzo[k]fluoranthene,
[indeno1,2,3-c,d]pyrene, benzo[a]anthracene, chrysene and dibenzo[a,h]anthracene).

T�$���4.������������	��	��������"6���������3��2�+�	������	�������'1	�3������.

(*)   in table are presenting ranges of PAHs concentrations from minimum to maximum in presenting period and mean concentrations
with standard deviations (SD),
(**) the concentrations of 8 cancerogenic PAHs (benzo[a]pyrene, benzo[g,h,i]perylene, benzo[b]fluoranthene, benzo[k]fluoranthene,
[indeno1,2,3-c,d]pyrene, benzo[a]anthracene, chrysene and dibenzo[a,h]anthracene).

sHAP
)*(]L/gn[retawnisHAPfosnoitartnecnocnaemehT

9991.90-70 9991.21-01 0002.30-10 0002.60-40 0002.90-70 0002.21-01 0002/9991

enelathpaN 7852-0
2031-/+0121

422-0
921-/+57

522-0
031-/+5

971-53
67-/+221

607-0
553-/+273

103-0
471-/+001

7852-0
236-/+623

enelythpanecA 0815-0
7782-/+7681

0
0

242-0
221-/+921

0
0

128-852
813-/+454

5301-7
455-/+104

0815-0
0121-/+874

enehthpanecA 821-0
86-/+84

68-0
74-/+55

66-52
02-/+64

0
0

701-22
64-/+45

66-0
63-/+42

821-0
14-/+83

eneroulF 077-642
462-/+984

681-021
63-/+541

021-87
12-/+101

98-25
91-/+76

981-73
28-/+59

142-81
911-/+351

077-81
181-/+571

enerhtnanehP 911-61
85-/+25

8-0
5-/+3

11-0
6-/+4

0
0

01-0
5-/+5

51-0
8-/+01

911-0
72-/+21

enecarhtnA 788-0
894-/+313

04-0
32-/+31

73-0
02-/+32

0
0

35-0
72-/+32

65-72
61-/+64

788-0
502-/+96

enehtnaroulF
eneryP

77-0
14-/+74

04-0
32-/+31

91-6
01-/+8

0
0

12-0
11-/+21

831-0
67-/+05

831-0
73-/+22

enecarhtna]a[ozneB
enesyrhC

062-5
131-/+611

51-0
9-/+5

0
0

0
0

54-21
71-/+62

6-0
3-/+4

062-0
26-/+52

enehtnaroulf]b[ozneB
enehtnaroulf]k[ozneB

17-25
01-/+36

82-31
8-/+81

49-0
45-/+13

0
0

65-0
23-/+91

82-0
41-/+31

49-0
03-/+42

eneryp]a[ozneB 31-0
7-/+8

8-2
3-/+4

11-7
2-/+9

4-0
2-/+2

51-01
2-/+21

21-6
3-/+01

51-0
5-/+8

necarhtna]h,a[oznebiD
enelyrep],I,h,g[ozneB

31-0
7-/+4

0
0

0
0

0
0

41-0
7-/+7

0
0

41-0
4-/+2

eneryp]d,c-3,2,1[onednI 81-0
01-/+6

0
0

0
0

0
0

21-0
7-/+4

0
0

81-0
5-/+2

0HH,����; 971-56
85-/+821

16-61
32-/+63

421-7
56-/+94 2-/+24-0 801-52

74-/+45
161-52
67-/+37

971-0
95-/+75

sHAP61 5189-587
5884-/+3224

964-441
861-/+133

528-851
253-/+724

532-621
85-/+191

7381-473
237-/+4801

1581-721
519-/+118

5189-621
7422-/+8711B

B

sHAP
)*(]L/gn[retawnisHAPfosnoitartnecnocnaemehT

9991.90-70 9991.21-01 0002.30-10 0002.60-40 0002.90-70 0002.21-01 0002/9991

enelathpaN 7171-017
315-/+7511

863-0
581-/+491

161-83
26-/+401

69-0
35-/+16

252-0
721-/+911

965-0
823-/+091

7171-0
554-/+403

enelythpanecA 3981-053
477-/+0611

0
0

572-54
911-/+971

932-0
831-/+08

951-0
88-/+101

898-0
384-/+643

3981-0
715-/+113

enehthpanecA 711-0
26-/+07

63-0
12-/+21

73-0
91-/+61

44-0
52-/+51

94-41
02-/+62

73-0
12-/+31

711-0
43-/+52

eneroulF 604-56
791-/+971

412-26
97-/+521

611-71
35-/+55

011-02
74-/+85

542-61
611-121

644-531
561-/+952

644-/+61
621-/+331

enerhtnanehP 46-11
92-/+03

21-0
6-/+7

31-3
5-/+7

7-0
3-/+4

6-0
3-/+2

91-0
11-/+6

46-0
51-/+9

enecarhtnA 105-0
752-/+812

0
0

76-0
43-/+23

431-0
77-/+54

23-0
81-/+11

67-02
13-/+04

105-0
121-/+65

enehtnaroulF
eneryP

95-0
43-/+02

811-0
86-/+93

33-0
81-/+02

0
0

34-0
52-/+41

43-0
81-/+02

811-0
13-/+91

enecarhtna]a[ozneB
enesyrhC

91-0
01-/+9

0
0

0
0

0
0

34-0
22-/+81

27-0
04-/+52

27-0
91-/+9

enehtnaroulf]b[ozneB
enehtnaroulf]k[ozneB

26-0
63-/+12

03-02
5-/+62

0
0

0
0

11-0
6-/+4

71-0
01-/+6

26-0
71-/+9

eneryp]a[ozneB 61-0
9-/+01

9-6
2-/+7

31-4
5-/+8

2-0
1-/+1

9-0
4-/+5

11-8
1-/+01

61-0
5-/+7

enecarhtna]h,a[oznebiD
enelyrep],I,h,g[ozneB

79-0
65-/+23

0
0

0
0

0
0

13-0
61-/+81

0
0

79-0
42-/+8

eneryp]d,c-3,2,1[onednI 0
0

0
0

62-0
51-/+9

0
0

0
0

0
0

62-0
6-/+1

)**(sHAP8 271-51
18-/+38

451-92
07-/+37

85-6
72-/+73

2-0
1-/+1

95-22
81-/+04

16-11
52-/+53

271-0
84-/+54

sHAP61 2914-/+8531
5341-/+6092

277-931
623-/+114

595-123
641-/+924

635-221
112-/+703

866-07
223-834

6534-591
3532-/+1461

6534-07
8731-/+2201

B

B
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9�$���).������������	��	��������"6���������3��2�+�	������9����,�+���,�+���3�.

(*)   in table are presenting ranges of PAHs concentrations from minimum to maximum in presenting period and mean concentrations
with standard deviations (SD),
(**) the concentrations of 8 cancerogenic PAHs (benzo[a]pyrene, benzo[g,h,i]perylene, benzo[b]fluoranthene, benzo[k]fluoranthene,
[indeno1,2,3-c,d]pyrene, benzo[a]anthracene, chrysene and dibenzo[a,h]anthracene).

Table 7. Mean concentrations of PAHs in water at Sulejów Artificial Lake.

(*)   in table are presenting ranges of PAHs concentrations from minimum to maximum in presenting period and mean concentrations
with standard deviations (SD),
(**) the concentrations of 8 cancerogenic PAHs (benzo[a]pyrene, benzo[g,h,i]perylene, benzo[b]fluoranthene, benzo[k]fluoranthene,
[indeno1,2,3-c,d]pyrene, benzo[a]anthracene, chrysene and dibenzo[a,h]anthracene).

sHAP
)*(]L/gn[retawnisHAPfosnoitartnecnocnaemehT

9991.90-70 9991.21-01 0002.30-10 0002.60-40 0002.90-70 0002.21-01 0002/9991

enelathpaN 7461-82
338-/+427

462-0
231-/+531

143-0
191-/+122

725-0
403-/+671

122-0
111-/+401

969-0
335-/+753

7461-0
624-/+682

enelythpanecA 2671-296
375-/+9011

0
0

765-0
982-/+513

738-0
384-/+972

421-66
03-/+29

262-/+49
48-/+181

2671-0
664-/+923

enehthpanecA 013-72
751-/+921

66-0
82-/+22

96-0
04-/+32

56-0
73-/+22

62-0
31-/+31

75-0
92-/+62

013-0
37-/+93

eneroulF 791-67
86-/+451

421-04
54-/+19

232-35
19-/+431

102-83
98-/+99

771-101
14-/+841

643-251
111-/+712

643-83
87-/+141

enerhtnanehP 121-01
36-/+84

0
0

71-0
8-/+9

01-0
6-/+3

8-0
5-/+3

0
0

121-0
82-/+01

enecarhtnA 569-0
555-/+423

23-0
81-/+11

05-0
72-/+03

0
0

52-0
41-/+8

061-0
29-/+35

569-0
622-/+17

enehtnaroulF
eneryP

29-0
74-/+04

98-0
15-/+03

91-0
01-/+21

4-0
2-/+1

72-0
61-/+9

95-0
03-/+62

29-0
03-/+02

enecarhtna]a[ozneB
enesyrhC

73-0
81-/+91

0
0

18-0
54-/+03

0
0

7-1
3-/+4

8-0
5-/+3

18-0
02-/+9

enehtnaroulf]b[ozneB
enehtnaroulf]k[ozneB

65-33
21-/+34

68-71
93-/+04

48-0
84-/+82

12-0
21-/+7

06-0
13-/+52

0
0

68-0
03-/+42

eneryp]a[ozneB 31-21
1-/+21

01-0
5-/+5

81-8
6-/+11

31-0
7-/+5

7-0
4-/+4

01-5
3-/+8

81-0
5-/+8

enecarhtna]h,a[oznebiD
enelyrep],I,h,g[ozneB

93-62
7-/+53

0
0

0
0

9-0
5-/+3

22-0
11-/+01

0
0

93-0
41-/+8

eneryp]d,c-3,2,1[onednI 61-0
9-/+01

0
0

0
0

0
0

71-0
01-/+6

0
0

71-0
6-/+3

)**(sHAP8 591-49
94-/+041

111-71
05-/+57

121-8
16-/+15

74-0
72-/+61

331-9
86-/+45

86-01
03-/+43

591-0
85-/+26

sHAP61 3594-3911
0202-/+6462

263-913
42-/+433

2921-16
956-/+318

7861-83
649-/+495

145-113
511-/+624

8421-384
973-/+27

3594-83
2411-/+849

B

B

sHAP
)*(]L/gn[retawnisHAPfosnoitartnecnocnaemehT

9991.90-70 9991.21-01 0002.30-10 0002.60-40 0002.90-70 0002.21-01 0002/9991

enelathpaN 4732-329
227-/+4761

4325-673
8552-/+9623

6232-0
3621-/+878

904-0
022-/+751

0
0

4233-0
0571-/+6431

4325-0
7261-/+1221

enelythpanecA 5948-6301
5414-/+1273

6211-0
065-/+795

563-0
291-/+712

824-0
742-/+341

0
0

117-0
014-/+732

5948-0
7791-/+918

enehthpanecA 019-0
754-/+334

225-0
962-/+992

021-13
15-/+09

272-0
751-/+19

2-0
1-/+1

22-0
31-/+7

019-0
152-/+351

eneroulF 3702-862
649-/+5331

6273-041
7481-/+9812

7321-77
626-/+497

8921-0
747-/+534

64-3
32-/+02

7622-72
4611-/+569

6273-0
1311-/+659

enerhtnanehP 96-21
82-/+04

84-01
02-/+23

31-0
7-/+8

22-0
31-/+7

8-0
5-/+3

93-0
22-/+31

96-0
12-/+71

enecarhtnA 181-84
17-/+821

801-0
85-/+76

05-0
62-/+12

392-0
961-/+89

0
0

943-0
191-/+921

943-0
701-/+37

enehtnaroulF
eneryP

497-341
073-/+663

291-0
401-/+911

37-0
24-/+42

56-0
73-/+22

0
0

93-0
22-/+31

497-0
881-/+19

enecarhtna]a[ozneB
enesyrhC

61-0
8-/+8

0
0

0
0

0
0

46-2
53-/+32

5-0
3-/+2

46-0
51-/+6

enehtnaroulf]b[ozneB
enehtnaroulf]k[ozneB

65-0
23-/+91

48-82
92-/+16

0
0

1-0
1-/+1

21-0
7-/+4

2-0
1-/+1

48-0
72-/+41

eneryp]a[ozneB 911-82
05-/+26

28-46
9-/+37

021-59
21-/+801

13-1
51-/+61

55-0
92-/+43

314-84
791-/+881

314-0
19-/+08

enecarhtna]h,a[oznebiD
enelyrep],I,h,g[ozneB

22-31
4-/+81

0
0

0
0

9-0
5-/+3

11-0
6-/+4

0
0

22-0
7-/+4

eneryp]d,c-3,2,1[onednI 0
0

0
0

0
0

51-0
9-/+5

0
0

0
0

51-0
3-/+1

0HH,����; 548-981
043-/+464

443-201
131-/+352

391-59
35-/+231

021-2
56-/+64

87-0
93-/+14

254-15
812-/+-202

548-0
012-/+091

sHAP61 23831-1762
1365-/+7187

22001-826
0725-/+4076

3624-712
0302-/+9312

2482-22
6161-/+679

011-15
13-/+78

3056-87
3823-/+1092

23831-22
0124-/+7343

B

B
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��2.�A.�������	��	��������)��"6�����+�	�����������'���H�
�����������������3��2�+�	��������'1	�3���9����,�+���,�+���3���1���H�+
"�	�������#�3������!�,��	�+3��C�������������������&:.�%%%'�/./&&&��+�����5�7�����	��������5$7��������	
������5�7��������	������5�7
���������5�7�������	�������57���	�������.
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 ������!�"�#$���������

��2.�A.�������	��	��������)��"6�����+�	�����������'���H�
�����������������3��2�+�	��������'1	�3���9����,�+���,�+���3���1���H�+
"�	�������#�3������!�,��	�+3��C�������������������&:.�%%%'�/./&&&��+������527�������	����������
������5�7�$��,�;�<��	�����������
���
������5�7�$��,�;$<������	���������$��,�;3<������	������5H7�$��,�;�<�
������537���$��,�;���<��	������������$��,�;2���><���
�����
5�7���������;��/�('���<�
����.

���������� ����� �&! '�($)*��.$*��!�#&! ��������� !"!#!$��%$&� +�*�) �&$�,!-��
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k

j

i
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g
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9�$���-.������������	��	��������"6�����+�	�������!�,��	�+3�������.

(*)   in table are presenting ranges of PAHs concentrations from minimum to maximum in presenting period and mean concentrations
with standard deviations (SD),
(**) the concentrations of 8 cancerogenic PAHs (benzo[a]pyrene, benzo[g,h,i]perylene, benzo[b]fluoranthene, benzo[k]fluoranthene,
indeno[1,2,3-c,d]pyrene, benzo[a]anthracene, chrysene and dibenzo[a,h]anthracene).

A-��2=#7�����9����,�+���,�+���3��5)/I='4-��2=#7�+���
��2����	�����������3��2�+�	��������,��?��$	����������	��
0��	�������.�>���%-4'�%%��	���������������������	��	����
��B)��"6��+�������2���$�	+�����&.('4(.&��2=#�;):�)-<.
9���B)��"6�� ��� 	���+�	��� ���!
	��� ����N�$�,��+���
(.:�4I='&.)%:� �2=#� ���� �).-:)I='�./%)� �2=#� ;)%<.�F$'
	�����������	����������		���$�	�������	���������������+�	�
���������	��$�������)��"6�����������	��	��+������	�������
$
�9#�����6�9#����	����.�9������	��	���������)��"6�
�������3��2�+�	������2���$�	+�����/)'%�-�4��2=#�5���:-I=
'%�4��2=#7��������'���H�
��:&'A�(4)��2=#�5��&//I='��(:-
�2=#7��������'1	�3������(-'A�%4(��2=#�5%A-I='���A/��2=
#7����9����,�+���,�+���3��59�$����A')����2�����A�'A�7.
9����������������������	���$	������$
��������9#����	���
���+�	��	������	���$	���������!;�<��$
�9#����	����+���
�$��	�A�'4)D���+���	����	������$	������$
���.�1������
�����	�� +���� �$	������ ��� �	���� �"6��� +����� 	��
������	��	�������"6����	��������$
�9#��+�����$��	�(4'
)&D���+���	���������.�9�������������$�	+����������
6�#��������	��8�������$
��$��	�4'�&D�;:&<.�9�����2���	
������	��	����� ������	��� ��� ���� ��	����� ���� ���$�$�
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