
Introduction

All living organisms are under the pressure of 
expanding and developing human activity. It has 
been observed in the marine environment as well. 
One of the elements constituting a significant threat 
to marine ecosystems is the level of contamination 
of marine waters by chemical substances. Many of 
these chemicals are toxic. Concentrations of certain 
substances in the marine environment are reduced as a 
result of a ban on their use, as exemplified by the ban 
on leaded petrol or dichlorodiphenyltrichloroethane 

(DDT), but their concentrations are still monitored [1]. 
However, new substances appear whose concentrations 
and distributions in the marine environment must 
be controlled due to their as yet undefined potential 
impact on organisms. These substances can get into 
marine organisms by processes of bio-accumulation 
and bio-magnification, but they can be deposited in 
sediments as well. However, due to the re-suspension 
and remobilization processes, these substances can 
be reintroduced into the water column and can be 
transferred in the trophic chain again [2].

Depending on the type of pollutants, their impact 
on organism health is different. Nowadays, when 
the occurrence of these compounds is in the wider 
perspective taking their variety into account, it is not 
easy to identify one substance responsible for a given 
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type of harmful effect or verify one factor causing the 
changes occurring in marine organisms. The changes 
in cells can be caused by ionizing radiation, heavy 
metals, petrochemical products, pharmaceuticals and 
pesticides [3-13]. In order to undertake evidence-based 
preventive and remedial actions it is important to 
verify and characterize the ecological risks generated 
by the presence of hazardous substances in the marine 
environment. Therefore, more often next to the 
measurement of concentrations of hazardous substances 
in individual elements of the environment, steps are 
taken to develop and implement methods to determine 
in a quantitative way the impact of hazardous substances 
on marine organisms.

This approach is extremely important given the 
demands placed on individual states to restore or 
maintain the good environmental state of maritime 
areas under their jurisdiction. The Marine Strategy 
Framework Directive (MSFD) (2008/56/EC) serves as 
an example of such a legal act, according to which good 
environmental state has to be achieved, among others, 
in the field of a qualitative descriptor: “Concentrations 
of contaminants are at levels not giving rise to effects of 
pollution”. Therefore, it is necessary not only to measure 
the concentration of chemicals, but also analyze the 
impact of these substances on marine organisms. To 
give evidence of an impact of chemical pollutants on 
aquatic fauna, biomarkers and methods for assessing the 
influence of hazardous substances on chosen organisms 
are used. Frequently, they are included in the monitoring 
programs and they are recommended by the Regional 
Sea Convention to determine the chemical substances 
not previously detected as a threat and to verify the 
areas of decreased environmental quality [14].

For consideration of eco-toxicants and its influence, 
fish seem to be the most suitable. Fish are the most 
diverse group of vertebrates and, taking into account 
the fact that they are one of the most popular foods for 
people, they have a direct impact on human health [15]. 

The micronucleus test is one of the most often 
used to estimate the cytogenetic damage caused by 
the negative impact of the hazardous substances [16-
22]. The carcinogenic properties were confirmed for 
substances such as aflatoxins, benzidine, chlorinated 
hydrocarbons [23, 24], pesticides [25] and heavy metals 
[9, 10]. The number of the micronucleus originating 
from chromosomes or their fragments as a result of 
late cell division is a measure of a gene toxicity of 
some substances present in the environment. This 
micronucleus is formed at the end of the cell division 
processes around the chromatin elements or their whole 
chromosome. It is created outside of the daughter cell 
[26]. This test is used in a wide range of toxicology 
laboratories in investigations of organisms such as fish, 
invertebrates and amphibians. The micronucleus test is a 
simple, cost-effective, rapid and convenient cytogenetic 
effect indicator that reveals a time-integrated exposure of 
marine organisms to both DNA-reactive and non-DNA 
reactive mutagenic compounds. It was recommended 

within the BEEP Project [27]. This test was also 
recommended as one of the biological effect indicators 
which should be used for monitoring and assessing the 
environmental status of the Baltic Sea [28].

The last complex investigation of environmental 
genotoxicity and cytotoxicity levels in herring was 
conducted in the Gulf of Gdańsk and in the southern 
Gdańsk Basin [30]. However, the aim of this study 
was to analyze the potential differences in the number 
of aberrations (micronucleus numbers - MN (‰) in 
herring originating from various areas of the entire 
southern Baltic Sea and caught in the period from 2014 
to 2017. The results formed a basis for the assessment 
of the status of the marine environment of the entire 
Polish marine areas in the aspect of the occurrence of 
genotoxic changes in herring. Additionally, an attempt 
was made to check the influence of ichthyological 
parameters such as mass, length and age on the number 
of aberrations.

Experimental  

Sampling of Fish Blood 

To estimate an impact of environmental 
contamination on the genotoxic changes in marine 
organisms, the samples of peripheral blood of 
fish (herring - Clupea harengus) were collected 
in different areas of the southern Baltic Sea: the  
Ustecko-Łebskie fishing ground Słupsk Farrow, 
Kołobrzesko-Darłowskie fishing ground, Bornholm 
fishing ground and Władysławowo fishing ground  
(Table 1, Fig. 1). The numbers or letters placed along 
some of the names of fishing grounds in the paper 
indicate the different geographic coordinates of 
the sampling place. This material was acquired in 
cooperation with the National Marine Fisheries Research 
Institute (MIR) during cruises of the r/v Baltica 
using standard bottom trawls. The fish samples were 
acquired in 2014-2017 (November). At each location, 
blood samples were drawn from the caudal vein of  
10-15 fish individuals. Then it was directly applied on 
glass slides in as thin a layer as possible. One glass 
slide was prepared per fish. After that the samples were  
air-dried.

Fish Blood Samples Analysis

To stain the blood samples, smears were covered 
with a 5% Giemsa’s azur eosin methylene blue solution 
for 30 minutes [15]. The prepared blood samples were 
analyzed using a microscopic method with an Olympus 
BX43 microscope at final magnification of 1000 X. 
Micronuclei (MN) were identified according to criteria 
adopted from [30, 31]. MN should be: (1) smaller than 
the main nuclei, (2) round or oval in shape, (3) not 
linked to the main nuclei, (4) usually have the same 
staining intensity (purple/navy blue), (5) should be in 



Genotoxic Changes in Herring... 1603

Ye
ar

Fi
sh

in
g 

gr
ou

nd

Fi
sh

 p
ar

am
et

er
s

Le
ng

th
 [c

m
]

W
ei

gh
t 

[g
]

A
ge

 
(y

ea
rs

)

Se
x 

(m
al

e/
fe

m
al

e)
nu

m
be

r o
f i

nd
iv

id
ua

ls

N
um

be
r o

f 
an

al
yz

ed
 

sa
m

pl
es

N
um

be
r o

f c
ou

nt
ed

 
er

yt
hr

oc
yt

es
M

N
/1

00
0

[‰
]

M
ed

ia
n

Q
1

Q
2

M
ed

ia
n

Q
1

Q
2

M
ed

ia
n

Q
1

Q
2

M
ed

ia
n

Q
1

Q
2

20
14

G
ul

f o
f G

da
ńs

k
18

.7
17

.7
20

.5
39

.7
36

.6
56

.5
5/

7
12

30
23

16
63

32
04

0.
00

0.
00

0.
50

W
ła

dy
sł

aw
ow

o
21

.2
19

.5
21

.5
65

.8
51

.4
70

.6
4/

6
10

34
94

15
25

38
48

0.
25

0.
00

0.
52

U
st

ec
ko

-Ł
eb

sk
ie

 1
*

19
.7

18
.7

21
.2

48
.2

43
.0

68
.1

3/
5

8
37

43
33

30
42

99
0.

27
0.

12
0.

50

Sł
up

sk
 F

ur
ro

w
21

.7
19

.7
22

.2
65

.6
52

.7
69

.1
3/

5
8

38
00

32
90

42
30

0.
12

0.
00

0.
27

K
oł

ob
rz

es
ko

-D
ar

ło
w

sk
ie

 1
*

20
.2

18
.5

20
.7

52
.9

39
.4

63
.5

3/
4

7
36

85
34

59
41

21
0.

00
0.

00
0.

00

B
or

nh
ol

m
 S

*
21

.0
20

.0
22

.0
59

.8
59

.2
83

.4
3/

2
5

35
75

32
65

35
88

0.
27

0.
00

0.
28

20
15

G
ul

f o
f G

da
ńs

k
22

.5
22

.0
23

.0
68

.9
49

.8
78

.8
2-

12
6/

4
10

40
57

40
24

40
81

0.
00

0.
00

0.
24

G
da

ńs
k 

B
as

in
20

.5
17

.5
23

.0
48

.2
32

.8
80

.0
2-

11
5/

5
10

40
97

40
46

43
08

0.
12

0.
00

0.
68

W
ła

dy
sł

aw
ow

o
20

.7
16

.5
22

.5
56

.2
27

.4
70

.8
0-

6
7/

3
10

40
66

40
20

42
26

0.
50

0.
22

0.
96

U
st

ec
ko

-Ł
eb

sk
ie

 1
*

21
.5

18
.0

23
.0

47
.5

37
.8

66
.2

0-
10

4/
6

10
40

39
40

17
40

51
0.

12
0.

00
0.

25

U
st

ec
ko

-Ł
eb

sk
ie

 2
*

22
.0

19
.0

24
.5

63
.0

44
.0

10
2.

6
1-

7
1/

9
10

40
43

40
22

40
52

0.
25

0.
00

0.
49

K
oł

ob
rz

es
ko

-D
ar

ło
w

sk
ie

 1
*

23
.2

22
.0

25
.0

66
.4

52
.0

81
.4

2-
5

5/
5

10
40

70
40

43
41

10
0.

00
0.

00
0.

25

20
16

W
ła

dy
sł

aw
ow

o
21

.0
19

.0
24

.5
57

.9
38

.8
75

.8
7/

3
10

41
14

40
57

50
16

0.
34

0.
00

0.
65

U
st

ec
ko

-Ł
eb

sk
ie

 2
*

22
.2

21
.5

24
.0

61
.5

57
.0

86
.0

4/
6

10
43

93
40

19
50

16
0.

34
0.

00
0.

65

B
or

nh
ol

m
 S

*
18

.7
17

.5
20

.0
37

.1
27

.0
48

.8
5/

5
10

45
51

40
63

50
53

0.
44

0.
00

0.
74

K
oł

ob
rz

es
ko

-D
ar

ło
w

sk
ie

 1
*

21
.2

18
.7

22
.2

51
.5

39
.8

60
.0

3/
7

10
43

40
40

89
50

72
0.

32
0.

00
0.

97

20
17

G
da

ńs
k 

B
ay

42
.0

39
.0

45
.0

55
.0

45
.0

75
.0

8/
7

15
26

84
17

31
39

89
1.

11
0.

67
2.

16

G
da

ńs
k 

B
as

in
42

.0
40

.0
45

.0
60

.0
50

.0
70

.0
7/

8
15

48
57

31
22

50
57

1.
37

0.
59

2.
60

W
ła

dy
sł

aw
ow

o
43

.0
38

.0
47

.0
60

.0
40

.0
90

.0
8/

6
14

21
63

13
28

33
95

0.
77

0.
19

2.
21

Sl
up

sk
 F

ur
ro

w
42

.0
39

.0
44

.0
60

.0
45

.0
65

.0
7/

8
15

30
20

24
20

42
70

0.
57

0.
22

0.
99

K
oł

ob
rz

es
ko

-D
ar

ło
w

sk
ie

 1
*

46
.0

39
.0

51
.0

70
.0

55
.0

11
0.

0
5/

10
15

34
60

.0
24

15
44

35
0.

90
0.

51
1.

93

K
oł

ob
rz

es
ko

-D
ar

ło
w

sk
ie

 2
*

40
.0

37
.0

45
.0

55
.0

40
.0

85
.0

9/
6

15
30

86
19

81
42

57
1.

11
0.

60
3.

41

*T
he

 n
um

be
rs

 o
r l

et
te

rs
 p

la
ce

d 
al

on
g 

so
m

e 
of

 th
e 

na
m

es
 o

f fi
sh

in
g 

gr
ou

nd
s i

nd
ic

at
e 

th
e 

di
ffe

re
nt

 g
eo

gr
ap

hi
c 

co
or

di
na

te
s o

f t
he

 sa
m

pl
in

g 
pl

ac
e

Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s o

f B
al

tic
 h

er
rin

g 
an

d 
m

ic
ro

nu
cl

eu
s f

re
qu

en
ci

es
 in

 fi
sh

 b
lo

od



Gębka K., et al.1604

the same plane, and (6) the cell borders should be visible 
[31, 32]. The mean number of counted erythrocytes per 
fish was in a range from 2203 in the Gulf of Gdańsk 
in the year 2017 to 4570 in Ustecko-Łebskie 2 fishing 
ground in the year 2016 (Table 1). The lower number 
of samples and lower number of counted erythrocytes 
at one station was the result of excluding some samples 
of bad quality, which can reduce the reliability of the 
analysis to be conducted.  The amount of the identified 
micronuclei found on slides was recalculated on 1000 
erythrocytes and used as a measure of harmful effects 
on a tested organism. 

Statistical Analysis 

Statistical tests were conducted using STATISTICA 
12 software. In order to check the normal distribution 
of all data, the Kolomogorov-Smirnov test was used. 
Taking the nonparametric character of the obtained 
results into account, the discussion was based on the 
medians and quartiles, as well as the ANOVA Kruskal-
Wallis test used to verify the dependencies between 
the MN (‰), fishing grounds and sampling years. The 
significance level was 0.05. 

Results and Discussion

Fish Parameters

Sampling of blood from collected fish individuals 
was preceded by the determination of selected 
ichthyological parameters such as length, weight and 
age in the case of 2015. In the year 2014 the range of 

fish length in the particular sampling location was 
narrow (16.0-23.0 cm). The medians stayed in the range 
from 18.7 cm in the Gulf of Gdańsk to 21.7 cm in the 
Słupsk Furrow (Table 1). The differences between mass 
of herrings was much more visible. The higher median 
values (65.6 g and 65.8 g) were specific in the area of 
Słupsk Furrow and Władysławowo fishing ground, 
while the lowest value (39.7 g) was found in the Gulf of 
Gdańsk. In 2015 the range of fish length was comparable 
to the samples taken in the previous year. The medians 
ranged from 20.5 in the Gdańsk Basin to 23.2 in the 
Kołobrzesko-Darłowskie fishing ground. The mass of 
taken herrings was slightly higher, for example in the 
Gdańsk Basin (25-111 g), but the range of medians was 
similar (48.2-68.9 g). The oldest fish age was 12 years. 
There were only two fish of small size caught in the 
Władysławowo and Ustecko-Łebskie fishing grounds 
(length about 12 cm and mass about 12 g). It was 
connected to their young age, as they were less than 
1 year old. In 2016, parameters – the length of a fish 
and its mass – in statistical terms were comparable to 
those in 2015. The medians of length ranged from 18.7 
to 22.2 cm, while in the case of weight the medians 
were within the range of 37.1 cm in the Bornholm area 
to 61.5 cm in Ustecko-Łebskie fishing ground. Taking 
the discussed parameters into account, the year 2017 
differed markedly from previous years. The median fish 
lengths were uniform across the areas of investigation, 
but at the same time they were definitely higher than 
those observed in previous years (42.0-46.0 cm), while 
median values representing statistical distribution of 
weights were slightly higher than observed in previous 
years (55.0-70.0), which was also confirmed by a higher 
Q2:75% value, especially visible in the Kołobrzesko-

Fig. 1. Fishing grounds and sampling stations.
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Darłowskie (110 g) and Władysławowo (90.0 g) fishing 
grounds. 

The Spatial and Inter-Annual Differences 
in the Micronuclei Number in Fish Erythrocytes 

In the analyzed fish blood samples, besides the 
micronucleus structures, other nuclear abnormalities 
were detected (Fig. 2). Some of them are the genotoxicity 
endpoints such as: micronucleus (MN), nuclear bud 
(NB), nuclear bud on filament (NBf) and the cytotoxicity 
endpoints: apoptotic (Apop) [30]. For the purpose of the 
assessment carried out within this study only MN was 
taken into account as a most common and operational 
fish condition indicator related to genotoxic impact of 
hazardous substances.

In 2014 the highest number of MN (‰) (represented 
by medians values) were found in Ustecko-Łebskie 
and Bornholm fishing grounds (0.27‰) and the  
lowest MN (‰) were detected in Kołobrzesko-
Darłowskie 1 and in the Gulf of Gdańsk (0.0‰)  
(Table 1). The number of MN (‰) in the Słupsk 
Furrow was 0.12‰. The MN (‰) in female blood 
ranged from 0.00‰ in the Gulf of Gdańsk, Słupsk 
Furrow, Bornholmskie and Kołobrzesko-Darłowskie 
fishing grounds to 0.29‰ in the Ustecko-Łebskie 
fishing ground (median for female in 2014: 0.0‰). 
Although fewer samples of male fish were taken, the 
aberrations in erythrocytes were in the higher range. 
The lowest number of MN (‰) in male individuals was 
observed in the Kołobrzesko-Darłowskie fishing ground  

(0.00‰). Similar values (0.24-0.28‰) were noted 
in Słupsk Furrow, Ustecko-Łebskie and Bornholm 
areas and the higher number of MN (‰) was found 
in Władysławowo (0.38‰) (median for male in 2014:  
0.27‰). 

The highest number of MN (‰) in fish samples in 
2015 was observed in Władysławowo fishing ground 
(0.50‰) and the lowest amount was detected in the same 
areas as in 2014 (Gulf of Gdańsk and Kołobrzesko-
Darłowskie fishing ground: 0.00‰). In the Ustecko-
Łebskie 1 fishing ground and in the Gdańsk Basin the 
MN (‰) was equal to 0.12‰, while in the Ustecko-
Łebskie 2 this parameter was 0.25‰. The number of 
MN (‰) in female ranged from 0.00‰ in the Gulf of 
Gdańsk and Kołobrzesko-Darłowskie fishing ground to 
0.50‰ in Władysławowo fishing ground (median for 
female in 2015: 0.00‰). The value of MN (‰) male 
individuals ranged from 0.00‰ in the Gdańsk Basin to 
0.50‰ in the Władysławowo area (median for male in 
2015: 0.25‰). 

In 2016 the number of MN (‰) was very uniform 
in all locations. It ranged from 0.32 to 0.34‰, but the 
values of Q2:75% were slightly higher, which may 
indicate an increase of changes in fish erythrocytes 
compared to the years 2014 and 2015. This assumption 
is confirmed by higher MN (‰) values calculated, 
taking into account the sex of the fish that were 
caught. The highest number of MN (‰) was observed 
in females taken from Władysławowo fishing ground  
(1.97‰). In the same area in male blood the number of 
MN (‰) was 0.49 (‰). The same value was noticed 
in the Kołobrzesko-Darłowskie fishing ground. The 
medians of MN (‰) in females and males in 2016 were 
0.57‰ and 0.44‰ respectively. 

The most numerous abnormalities in herring 
erythrocytes was observed in 2017 compared to the 
previous years of research. The highest number of MN 
(‰) was observed in the Gdańsk Basin (1.37‰), and 
a slightly lower value was detected in Kołobrzesko-
Darłowskie fishing ground and in the Gulf of Gdańsk 
(1.11‰), and the lowest in the area of Słupsk Furrow 
(0.57‰). Taking into account all fish samples, more 
MN (‰) was found in the male individuals than in the 
female ones. The amount of MN (‰) in males ranged 
from 0.92‰ in Władysławowo fishing ground to 2.11‰ 
in the Bornholm fishing ground (median for male in 
2017: 1.27‰). The median value of MN (‰) in female 
samples was 0.59‰. The lowest MN (‰) in female 
individuals was detected in fish taken in the Słupsk 
Furrow 0.31 (‰), while the highest value was specific to 
Gulf of Gdańsk (0.93‰). 

Statistical analysis showed statistically significant 
(ANOVA Kruskal-Wallis p = 0.0000) differences 
between the years of research. In this case the length 
of the fish may be of particular importance. The highest 
change compared to previous years was detected in 2017. 
The number of aberrations that year was higher in all 
studied locations (Table 1). The relationship between the 
average number of MN (‰) in a given location and the 

Fig. 2. Nuclear abnormalities in herring erythrocytes: a, b) nuclear 
bud; c) nuclear bud on filament; d) apoptotic; e) micronucleus;  
f) micronucleus, nuclear buds and apoptic.
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average length of fish bodies is shown in Fig. 3. In this 
case, the body length of the fish can be treated as a fish 
age proxy (although it cannot be a unified rule). In the 
case of older fish, the time of exposure (associated with 
the age) can be a factor that increases the probability for 
aberrations to occur. The results of the present study 
revealed the variability of the number of MN, however 
there were no significant differences between fishing 
grounds in the individual years (ANOVA Kruskal-Wallis 
p>0.05). No statistically significant differences between 
the number of MN and locations can be caused by the 
similar concentration of hazardous substances being of 
concern and similar physical and chemical conditions in 
the assessed areas.

Discussion of Results in Relation to the Level 
of MN in the Research and other Areas as Well 
as to the Contamination and Physico-Chemical 

Conditions of the Research Areas

Taking into account the number of MN (‰) detected 
in herring caught in 2014-2017, the obtained results 
were very similar to the results obtained in the Gulf of 
Gdańsk and in the southern Gdańsk Basin for herring 
blood samples collected in 2009-2017 [30]. The number 
of MN (‰) in this area without strong frequencies 
(connected to the dumped munition) ranged from  
0.42 to 1.65‰. The measurement of micronuclei in 
herring blood revealed the significant influence of CW 
on the aberration in fish erythrocytes, which has also 
been presented by [34]. The highest values of MN 
(‰) were observed in the simple specimen taken from 
the dumping site in the Polish Exclusive Economic 
Zone (30.0‰). Moreover, in the area of dumping 
sites (Bornholm Basin and Gdańsk Basin), a higher 
concentration of mercury was also detected [35], which 
can have an impact on changes in marine organisms as 
well [36].

Presented results were also comparable to the data 
obtained by Kopecka et al. [37], who indicated that 

the MN (‰) in flounder (female) caught in the Gulf 
of Gdańsk ranged from 0.31 to 0.65‰. The highest 
value was detected in Sobieszewo and it was only one  
station where the differences between both sampling 
stations and seasons were detected. The results of the 
analysis carried out in flounder (Platichtys flesus) in 
2011-2012, within the framework of the EU funded 
BEEP project, revealed no dependencies on the sampling 
seasons. The number of aberrations in the Gulf of 
Gdańsk ranged from 0.00 to 1.60‰ [27]. The results of 
MN (‰) in flounder and eelpout (Zoarces viviparous) in 
Wismar Bay were similar to the number of aberrations 
observed in fish from the Gulf of Gdańsk (0.1-1.6‰) [27, 
32].

The micronuclei test is used also as a common  
bio-indicator in the North Sea offshore and Atlantic 
coastal waters. The value MN (‰) in dab (Limanda 
limanda) varied from 0.09‰ to 1.37‰. The highest 
number of aberrations was detected in the area of the 
Dogger Bank. The number of MN (‰) in haddock 
(Melanogrammus aeglefinus) ranged from 0.03‰ in the 
reference station to 0.78‰ in Egersung bank [34].

The number of noticed aberrations could be caused 
by different chemical substances. Verification of the 
specific contamination influencing the damage in the 
erythrocytes is almost impossible in the environmental 
conditions taking many elements and factors that can 
influence the final effect into account. This is particularly 
difficult in the situation of synergistic interactions 
(cocktail effect). According to the assessment of the 
environment of the chosen areas (Gdańsk Basin, 
Bornholm Basin and Eastern Gotland Basin), the status 
of the environment of the southern Baltic Sea related to 
some of the hazardous substances’ concentrations was 
recognized as inadequate [38]. Considering the list of 
substances with documented genotoxic activity [23], the 
most important, taking their concentrations in the Baltic 
Sea into account, are: 137Cs representing radioactive 
isotopes, heavy metals: Pb, Cd, Hg and polybrominated 
diphenyl ethers (PBDE), polychlorinated biphenyls 
(PCB), organochlorine pesticides, dioxins (PCDD) and 
furans (PCDF). 

The region of the Baltic Sea was under pressure 
of increased concentration of radioactive components 
such as 137Cs and 90Sr as a result of the accident of 
the Chernobyl nuclear power plant in 1986. However, 
nowadays the decreasing trend of 137Cs in Baltic 
herring is observed. The mean activity concentration 
of this radioactive element in 2016 was 5.75 Bq/kg w.w. 
[39], and the dose rate arising from this concentration  
is at the level of 0.0007 µGy/h, which is clearly below 
the screening level 10 µGy/h [40] – a value based on 
data on dose-effect relationships for various organisms 
[41].

The decade-long data collection indicated a 
significant downward trend of Hg, Pb and Cd 
concentrations in herring, cod and sprat from the Baltic 
Sea [42]. Concentrations of Cd, Pb and Hg in herring 
muscle decreased from respectively 16 mg kg-1ww, 

Fig. 3. Relationship between mean length of fish and number of 
MN (‰). 
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39 mg kg-1ww and 84 mg kg-1ww, values noted in 1994 
to 6.1 mg kg-1ww, 8.0 mg kg-1ww and 22 mg kg-1ww, 
level specific to 2003 [42]. However, there was a 
difference in heavy metal concentrations in studied 
species taken from different parts of the Baltic [42]. 

Considering organic substances, the impact of 
polybrominated diphenyl ethers should be taken 
into account. The mean concentration of the sum of  
7 congeners in herring from the southern Baltic Sea 
was equal to 1.2 µg kg-1ww in the period 2004-2006, 
and concentrations of PBDE were rather homogeneously 
distributed among sampling sites [43]. This means that 
the threshold value 0.0085 µg kg-1ww (Environmental 
Quality Standard according Directive 2013/39/UE) is 
exceeded many times. However, it should be emphasized 
that this value is very restrictive. 

The decreasing trends were observed in the case  
of polychlorinated biphenyl congeners in herring  
caught in 1997-2006 in the southern Baltic Sea region 
[44]. The mean concentrations of the sum of 7 congeners 
changed from 25 µg kg-1ww in 1997 to 15 µg kg-1ww 
in 2006.

The same decreasing trend was also observed in the 
case of some of organochlorine pesticides determined in 
herring from the southern Baltic in 1995-2006 [45]. This 
concerns hexachlorocyclohexsan isomers (HCH), pp’1,1-
dichloro-2,2-bis(4-chlorophenyl)ethylene (p,p’ DDE) 
and pp’1,1-dichloro-2,2-bis(4-chlorophenyl)ethane (p,p’ 
DDD), while concentrations of hexabromocyclododecane 
(HCB) and 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane 
(DDT) stayed quite stable in the this period. 

Chlorinated dioxins and furans (PCDD/Fs) and 
dioxin-like polychlorinated biphenyls, also exhibiting 
genotoxic action, belong to the supertoxic chemicals. 
Their concentrations (expressed like a WHO-TEQ) in 
herrings from the southern Baltic in 2002-2006, detected 

at the levels (0.0034-0.0051 µg kg-1 WHO TEQ), do not 
exceed the permissible level set for the environment: 
0.0065 µg kg-1 WHO TEQ (Environmental Quality 
Standard according to Directive 2013/39/UE) [46].

The frequency of micronuclei occurrence, besides 
the influence of chemical substances, depends on 
environmental and physiological parameters. The 
age and conditions of fish seems to be a basic 
factor increasing the possibilities of changes in the 
erythrocytes. However, the environmental parameters 
including access to food, temperature and salinity 
have an impact on aberrations as well. An increase of 
temperature causes an increase in the number of MN 
[33]. Taking the potential influences of temperature and 
salinity into account, significant differences between 
different years and different sub-basins were not 
detected. The seawater temperature in 2014 was in the 
range 2.0 to 21.0ºC. Similar ranges for this parameter 
were noted in the years: 2015 (2.5-20.5ºC), 2016  
(3.5-20.1ºC), 2017 (-1.3-21.2ºC). The salinity in the years 
cover by investigations was comparable as well: 2014 
(6.4-7.8 PSU), 2015 (6.7-7.7 PSU), 2016 (6.6-7.9 PSU), 
2017 (1.3-8.9 PSU) [38, 47-49].   

	
Status of the Marine Environment Based 

on the Micronucleus Test

The micronucleus test can be used in the assessment 
of the status of the environment, also in terms of its 
potential genotoxicity [50-53]. To assess the status of the 
environment, it is necessary to set the threshold value 
indicating the boundary between good and inadequate 
conditions. In the case of the micronuclei test the most 
appropriate approach would be for the threshold value to 
indicate that exceeding a certain number of aberrations 
implies the exposure of a given organism to the impact  

Fig. 4. Ratio of MN (‰) to the threshold value (MN/TVMN) in the fishing grounds in 2014-2017; red line is the boundary between good 
and inadequate environment status.
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of factors causing them, and remaining at levels 
exceeding the permitted standards. Determining these 
limits could be only possible in laboratory conditions 
by exposing organisms to chemicals and testing the 
response in the number of micronuclei. However, 
such treatment can limit the impact of other factors 
with the synergistic effects. Due to this, a baseline 
and background values are often used. These values 
can be defined as an incidence of MN observed in the 
absence of environmental risk or before exposure to 
genotoxins [33]. Data of MN frequencies in samples 
taken from field reference sites and from organisms 
deployed to the uncontaminated sites have been used 
to set the assessment criteria which was calculated as 
the empirical 90 % (percentile). The threshold value 
proposed for herring in the Baltic Sea – 0.39‰ [33] – 
was used in this study for the southern Baltic Sea status 
assessment, by comparing the obtained results with 
threshold value.

In order to assess the status of the environment in 
terms of genotoxic changes in herring, the ratio of 
MN (‰) to the threshold value (MN/TVMN) for each 
individual fish was determined and based on these mean 
values and standard deviations for each fishery ground 
in each year (Fig. 4). The value of MN/TVMN exceeding 
1 indicates inadequate status.

In 2014, the threshold value was not exceeded in 5 
of 6 sampling areas, which indicates that a good status 
of environment was achieved. The lowest value of MN/
TVMN equal to 0.1 was specific to the Kołobrzesko-
Darłowskie fishery ground. In the Słupsk Furrow and 
Bornholm S the calculated MN/TVMN was the same 
(0.4), while in Ustecko-Łebskie and Władysławowo it 
was twice as high. In 2014, the value of MN/TVMN was 
slightly higher than 1 only in the Gulf of Gdańsk (1.2). 
In 2015, the threshold value was exceeded only in the 
Władysławowo fishery ground (MN/TVMN = 1.6), while 
in the Gdańsk Basin MN/TVMN it was equal exactly 
to 1. In the case of the Gulf of Gdańsk, the Ustecko-
Łebskie and Kołobrzesko-Darłowskie fishery grounds 
calculated ratio stayed in the narrow range of from 
0.5 to 0.7, indicating good status. In 2016, in all three 
investigated areas good status was not achieved. In the 
area of the Władysławowo fishing ground the value of  
MN/TVMN (3.5) increased twice, while in the 
Kołobrzesko-Darłowskie fishery ground this increase 
was even threefold to the value 2.1. In the Ustecko-
Łebskie and Bornholm S areas the threshold value was 
exceeded only slightly. The values of MN/TVMN were 
equal to 1.1 and 1.2 respectively. In 2017, good status 
was not achieved in any of the sampling locations, 
and mean values of MN (‰) were visibly higher than 
threshold value, giving the ratio values in the range of 
2.1 in the Ustecko-Łebsko, through 4.3 in the Gdańsk 
Basin to 5.6 in the Bornholm S area. Relatively large 
standards of deviation values indicate significant 
differences in the MN/TVMN ratios determined between 
individual fish.

	

Conclusions

1.	 Studies on the occurrence of micronucleus, which 
is a measure of genotoxic changes in fish blood 
erythrocytes, conducted in 2014-2017 in seven 
locations in the southern Baltic Sea, showed no 
statistically significant differences between fishing 
grounds in particular years. 

2.	 At the same time, the statistical analysis showed 
statistically significant (ANOVA Kruskal-Wallis  
p = 0.0000) differences between the years of 
research. The highest median values in particular 
locations occurred in 2017, in which they ranged 
0.57-1.37. In the remaining years, they changed 
respectively in the following ranges: 0.00-0.27 in 
2014, 0.00-0.25 in 2015 and 0.32-0.44 in 2016, while 
in 2016 the study was conducted only in four areas. 
The higher MN (‰) values recorded in 2017 are most 
likely related to the larger fish length (approximately 
twice as long as in other years). Fish length in this 
case may be a proxy for the age of fish, and thus the 
exposure time to the action of genotoxic agents. The 
fish susceptibility to genotoxic changes is determined 
by both internal and external factors, and the last 
ones include concentrations of specific substances in 
the environment as well as temperature and salinity. 
As has been shown, there are no unambiguous 
differences in the discussed parameters between 
individual areas and years of research that could be 
unequivocally related to the observed differences in 
MN (‰).

3.	 Taking the threshold value set for MN (‰) into 
account, in the year 2014 the good status of the 
marine environment was not achieved only in 
the Gulf Of Gdańsk, but threshold value was 
exceeded only slightly. This was also the case of 
Władysławowo fishing ground in 2015. In 2016, 
the boundary between good and inadequate status 
was exceeded in two areas: in Władysławo fishing 
grounds the threshold value was exceeded over  
3 times, and twice in Kołobrzesko-Darłowskie. 
In 2017, the highest number of MN caused  
the exceeding of a good state of the environment  
in each of the studied locations (the ratio of MN 
(‰) to the threshold value changed in the range 1.1  
to 5.6). 
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