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We re view the cur rent en vi ron men tal pol lu tion by mer cury in the soils of Po land and Lith u a nia and in the sed i ments of the
Bal tic Sea. Mer cury is doc u mented to have many neg a tive im pacts on the en vi ron ment as a toxic trace el e ment. In many dif -
fer ent chem i cal forms, it is be ing re leased into the en vi ron ment by both geogenic and anthropogenic ac tiv i ties, with most be -
ing re leased from anthropogenic sources. Methylmercury is con sid ered one of the most toxic forms found in the
en vi ron ment. Mer cury lev els in sed i ment and var i ous point sources in creased af ter World War II in the Bal tic Sea, which was
used as a dumpsite. Pre vi ous stud ies show no tice able dif fer ences in to tal mer cury in the Bal tic Sea. In the Warta and Odra
rivers in Po land, mer cury lev els are also higher than the back ground value, though re cent find ings sug gest that river sed i -
ments are not the main source of mer cury to ma rine sed i ments. Con cen tra tions in soils in Po land and Lith u a nia were be low
the level of limit val ues (1 and 1.5 mg/kg–1 re spec tively), but Up per Silesia showed con cen tra tions (up to 4.01 mg · kg–1)
above the limit val ues. Fur ther more, be tween 1992 and 2006, mer cury lev els in Wroc³aw dropped dra mat i cally. The dom i -
nant trees in the area can af fect mer cury ac cu mu la tion. No data were avail able for com par i son with the soils in Es to nia and
Lat via. 
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INTRODUCTION

Mer cury is a rare heavy metal found in the Earth’s crust
whose tox ic ity is highly de pend ent on its chem i cal form
(Bernhoft, 2012; Kodamatani and Tomiyasu, 2013). In 2013 the 
Minimata Con ven tion was writ ten and ap proved by 128 na tions
(ad di tional na tions have signed on af ter 2013) to ac knowl edge,
and at tempt to re duce the harm ful ef fects of, anthropogenic
mer cury de po si tion in the en vi ron ment (Mer cury Con ven tion,
2017). 

Ad di tion ally, mer cury is listed as one of the ten chem i cals of
ma jor pub lic health con cern by the World Health Or ga ni za tion

(WHO, 2017). Mer cury can be re leased into the en vi ron ment by 
nat u ral and anthropogenic sources and these ac tiv i ties are as
var i ous as burn ing of fos sil fu els, ce ment pro duc tion, the
chloralkaline pro cess, and gold min ing (AMAP/UNEP, 2008).

The United Na tions En vi ron men tal Pro gram (UNEP) Global 
Mer cury As sess ment in 2008 found that di rect anthropogenic
emis sions were high est near ur ban, in dus trial ar eas and were
gen er ally lower in ru ral more re mote re gions (AMAP/UNEP,
2008). In Eu rope, do mes tic and for eign anthropogenic sources
con trib ute al most equally to to tal anthropogenic mer cury de po -
si tion and con tri bu tions from power gen er a tion and in dus trial
emis sion sec tors dom i nate mer cury de po si tions in Eu rope and
cen tral Asia. Anthropogenic ac tiv ity dur ing the last cen tury has
been con sid ered to have in creased mer cury con cen tra tion in
the at mo sphere be tween 3 to 5 times and in sur face ocean wa -
ter by at least 3 times (Ilyin et al., 2018).

In this study, we com pare pub lished stud ies on mer cury
(Hg) pol lu tion in Bal tic Sea sed i ments and in Pol ish and Lith u a -
nian soils.
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OVERVIEW OF STUDIES 
IN BALTIC SEA REGION 

BALTIC SEA BASIN

The Bal tic Sea, in north ern Eu rope, is not a ho mo ge neous
body of wa ter, but one that ex hib its re gional dif fer ences in sa lin -
ity, tem per a ture and the allochthonous to autochthonous or -
ganic mat ter (OM) ra tio. Vari a tions in these vari ables should be
the ma jor reg u la tors of MeHg pro duc tion, bioaccumulation, and 
bio mag ni fi cation in spe cific re gions of the Bal tic Sea. How ever,
due to the in flux of MeHg into the Bal tic Sea by river dis charge,
the aque ous con cen tra tions of MeHg are fre quently higher in
estuarine coastal ar eas than in off shore wa ters (Skrobonja,
2019). Ad di tion ally, the pres ence of anoxic zones may in crease 
Hg lev els in the Bal tic Sea’s wa ter and biota (Kwasigroch et al.,
2021). The sig nif i cant eutrophication of the Bal tic Sea, com -
bined with the lim ited mix ing of the Bal tic Sea’s deep-wa ter lay -
ers, re sults in hypoxic and anoxic zones (Soerensen et al.,
2016). Nu tri ents that are car ried by run off from sew age treat -
ment fa cil i ties and ag ri cul tural fields cause phytoplankton
blooms in coastal eco sys tems of the Bal tic Sea, re sult ing in
low ered or fully de pleted ox y gen lev els (Skrobonja, 2019). Hg
has a 20–30 year av er age res i dence time in the oceans, but it
has a 0.8–2 year av er age res i dence time in the at mo sphere;
hence, Hg dis charged into the ocean is re moved far more
slowly than it is re leased into the at mo sphere (Gworek et al.,
2016) and the wa ter res i dence time in the Bal tic Sea is lon ger
(30–40 years) (Snoeijs-Leijonmalm and Andren, 2017). Prein -
dustrial Ho lo cene back ground con cen tra tions of THg in Bal tic
Sea sed i ment var ied be tween 20 and 50 mg · kg–1 (Leipe et al.,
2013). Also, nat u ral back ground con cen tra tions of THg in Born -
holm, Gdañsk, Gotland, and the Bothnian Bay are 0.025, 0.03,
0.025, and 0.02 mg · kg–1, re spec tively (Leipe et al., 2013). Fig -
ure 1 shows the geo graph ical lo ca tions of the Bal tic Sea where
these stud ies were car ried out. 

Ac cord ing to Be³dowski et al. (2019), as part of Ger many’s
de mil i tar iza tion ef fort af ter WWII, up to 385,000 tons of mu ni -
tions were dumped into the Bal tic Sea, of which 300,000 tons
were as so ci ated with con ven tional mu ni tions and the rest are
thought to be chem i cal mu ni tions. These dis carded con ven -
tional mu ni tions emit more Hg to the en vi ron ment than chem i -
cal mu ni tions and have con tam i nated the nearby sed i ments.
The con cen tra tion of MeHg in the sed i ments ranged from 17
±8 pg · g–1 (1 pg · g–1 = 0.000001 mg · kg–1) to ~68 ±19 pg · g–1

and Hg con cen tra tions re ported at both dumpsites had dif fer ent 
val ues. In the Born holm Deep they ranged from 0.034 to 0.092
mg · kg–1, and in Kolberger Heide 0.007 to 0.322 mg · kg–1. In
an other study of the mu ni tion sites, MeHg ranged from 19 to
2362 pg · g–1 in the sed i ments, THg ranged from 0.004 to 0.294
mg · kg–1. In the Ar kona Ba sin, Born holm Deep, Bal tic proper,
Gdañsk Bay, Gdañsk Deep, Kolberger Heide, Mecklen burg
Bay, and Gotland Deep ar eas, THg ranged be tween
0.228–0.255, 0.0504–0.294, 0.0418–0.0753, 0.004–0.146,
0.0676–0.263, 0.0144–0.281, 0.0221–0.159, and 0.0539 mg ·
kg–1, re spec tively (Siedlewicz et al., 2020). A sim i lar study was
made by Kwasigroch et al. (2021) in the Belt Sea, Ar kona Ba -
sin, Born holm Ba sin, Gdañsk Ba sin, West Gotland Ba sin, East
Gotland Ba sin, and the Bothnian Sea. Con cen tra tions of THg in 
sur face sed i ments ranged from 0.0012 to 0.3408 mg · kg–1.
These val ues were sim i lar to those found in pre vi ous stud ies in
sur face Bal tic sed i ments by Perttilä et al. (2003), which var ied
from 0.013 to 0.406 mg · kg–1, and by HELCOM (2010) be tween 
2001–2008, which ranged from 0.04 to 0.3 mg · kg–1, while, be -
tween 2003 and 2008, Hg con cen tra tions in sed i ment dropped

in the Bothnian Bay, Land Sea, East ern Gotland Ba sin, and
Kattegat. MeHg con cen tra tions are el e vated across a larger re -
gion than just near dumped mu ni tions. The re sults show that
phys i cal pro cesses re spon si ble for move ment of sed i ments
and near-bot tom wa ter act to dif fuse MeHg, mak ing mu ni tion
dumpsites a dif fuse source of MeHg rather than point sources
as so ci ated with spe cific mu ni tions (Siedlewicz et al., 2020).
Rua-Ibarz et al. (2016) noted that, in 1945, the Ger man sub ma -
rine U-864 sank, car ry ing 67 tons of me tal lic Hg in over 2,000
steel con tain ers in its keel. The sub ma rine was dis cov ered in
2003, with some of the con tain ers cracked and Hg con tam i nat -
ing the sur round ing sed i ments. The con cen tra tion of THg in
sed i ments col lected near the sub ma rine var ied from 60 to
24,000 mg · kg–1 (wet weight w.w.). Other re search showed that
in the south ern Bal tic Sea, THg con cen tra tions in sed i ments
were be tween 0.00581 mg · kg–1 in the Odra Eustary and 0.225
mg · kg–1 in the Gdañsk Deep, the low est con cen tra tion of
MeHg be ing re corded in Odra Es tu ary, of 61.29 pg · g–1, the
high est con cen tra tion of MeHg be ing found in the Vistula Es tu -
ary, of 940.07 pg · g–1. These re sults showed that con di tions in
the south ern Bal tic Sea sed i ments fa vour Hg methylation (Miotk 
et al., 2013). THg, MeHg, and or ganic Hg lev els in sed i ments off 
the coast of Gdañsk were mea sured by Be³dowski et al. (2014)
who ob served con cen tra tions of an av er age of 0.102 mg · kg–1,
261 pg · g–1, and 425 pg · g–1, re spec tively, in the Gdañsk Deep.
Or ganic Hg con cen tra tions in sed i ments were found to be de -
pend ent on both MeHg and THg con cen tra tions. The av er age
con cen tra tion of MeHg de ter mined in the ben thic sed i ments of
the Gulf of Gdañsk was 0.00065 mg · kg–1, which is around
0.5% of THg (Gworek et al., 2016). Or ganic Hg and MeHg lev -
els were higher in the Gdañsk Bay than in the Gdañsk Deep,
ac cord ing to Manzetti (2020), al though THg lev els were higher
in the Gdañsk Deep. This in di cates that bi otic me tab o lism of Hg
is higher in the shal low wa ters of the Gdañsk Bay than in the
deep wa ters of the Gdañsk Deep and that spe cial ized bac te ria,
such as iron-re duc ing bac te ria that use light in the con ver sion
pro cess, play a role in the trans for ma tion of Hg to its or ganic
forms (Manzetti, 2020). Zaborska et al. (2017) mea sured the
lev els of Hg and sam pled sur face sed i ments at 5 cm depth in
the Pol ish off shore zone, show ing that Hg con cen tra tions in
sed i ments were lower, with a range of 0.001–0.019 mg · kg–1. 

Ta ble 1 shows the con cen tra tions of Hg in sed i ments and
sur face wa ters in var i ous parts of the Bal tic Sea and Ta ble 2
shows that con cen tra tions of Hg ac cord ing to place/re gions.
Be cause of flawed an a lyt i cal pro cesses, Hg lev els were com -
monly over es ti mated. When we com pare these re sults with re -
cent stud ies, there are changes in THg lev els in the sed i ments
of the Bal tic Sea. 

In Gulf of Riga, across the en tire bay, sev eral sam ples were
taken in the deep est sites of the bay for Hg mea sure ment, where
the av er age con cen tra tion in sed i ments was 1.5 mg · kg–1. These 
anal y ses were made of the up per most sed i ments within a 5 cm
depth range and traced back to their source; Hg was dis trib uted
more gen er ally in the en tire south ern area orig i nat ing from the
Gauja River (Leivuori et al., 2000). An other study was car ried out
in the Tallinn re gion. The bays of Kopli, Tallinn, Muuga, and
Ihasalu were all sam pled. Ac cord ing to the study, the Min is ter of
the En vi ron ment of Es to nia’s Reg u la tions set a tar get of 0.5 mg ·
kg–1 and a limit value of 2 mg · kg–1 for Hg, with Muuga and
Ihasalu suf fer ing the most from pol lu tion. Max i mum Hg con cen -
tra tions were clearly de ter mined at 6.5–10 cm within the sed i -
ment layer. Hg val ues were rel a tively low at most of lo ca tions;
how ever, five sta tions had higher Hg con cen tra tions than the limit 
value (Erm et al., 2014). These re sults show that in the Bal tic Sea 
ar eas such as Born holm, Gotland and Gdañsk Hg con cen tra -
tions ex ceeded back ground lev els. 
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RIVERS AND LAKES

Af ter rivers and pre cip i ta tion, in creas ing coastal zone abra -
sion in the Gulf of Gdañsk be comes the third most im por tant
source of Hg (Be³dowska et al., 2016). The back ground con tent
of Hg var ies sig nif i cantly be tween dif fer ent types of bot tom sed i -
ments. Be cause rivers have a sub stan tially higher pro por tion of
sus pended par ti cles, the back ground con cen tra tion of Hg in un -
pol luted river sed i ments is around 0.2 mg · kg–1 and the over all
back ground THg level in lake sed i ments is around 0.1–0.3 mg ·
kg–1 (Gworek et al., 2016). The amounts of Hg in bot tom sed i -
ments from streams, lakes, rivers, and chan nels in Po land were 
0.012 mg · kg–1, 0.011–0.05 mg · kg–1, 0.021–0.07 mg · kg–1,
and 0.016–0.044 mg · kg–1 re spec tively (Boszke and Kowalski,
2007b). Baralkiewicz et al. (2007) con ducted stud ies in Swarzê -
dzkie Lake, a post-gla cial lake near Poznañ. Con cen tra tions of
THg in the lake sed i ments var ied be tween 0.082–2.21 mg · kg–1

with a high vari abil ity in dif fer ent parts of the lake; the great est
Hg lev els were found near the Mielcuch Stream and Cybina
River, which brought pol lut ants into the lake. Koniarz et al.
(2015) found that con cen tra tions of Hg in sed i ments were be -
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T a  b l e  1

Con cen tra tions of THg in Bal tic sed i ments
(1984–2002) (Gworek et al., 2016)

Lo ca tion (ma rine sed i ment) THg [mg · kg–1]

Bal tic Sea 2–340

Bal tic Sea proper 100 ±50

Bal tic Sea (Aland Sea) 180 ±60

Bal tic Sea (Bothnian Sea) 100 ±30

Bothnian Bay 400 ±240

Gulf of Puck 0.74–5.7

Gulf of Gdañsk 3.5–160

Gulf of Puck 2.8–180

Dan ish Straits 60–220

Bal tic Sea (Bosex Area) 140–190

South Bal tic Sea 30 ±10

Bal tic Sea proper 20–360

Gulf of Gdañsk 310 ±310

Gulf of Riga 30–790

.
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Fig. 1. The lo ca tions where the pre vi ous stud ies were per formed



tween 0.01–0.18 mg · kg–1. Hg con cen tra tions in bot tom sed i -
ments were high est in the Rybnik, or ganic mat ter be ing pos si -
bly the most im por tant fac tor af fect ing Hg con cen tra tions and
dif fu sion in the sed i ments in ves ti gated, while low Hg lev els
were gen er ally re lated to the ab sence of anthropogenic ac tiv i -
ties. The Odra River is the sec ond larg est river in Po land, and
anthropogenic emis sions have sig nif i cantly con tam i nated its
catch ment area be fore it reaches Bal tic Sea; in bot tom sed i -
ments, con cen tra tions of Hg were be tween 0.12 to 2.99 mg ·
kg–1 (Boszke et al., 2004). In a study car ried out in the Poznañ
re gion, a rel a tively high con cen tra tion was de ter mined in pond
sed i ments, at 0.154 ±0.08 mg · kg–1, and in the Warta River
sed i ments it was 0.118 ±0.096 mg · kg–1. Con cen tra tions of Hg
in lake sed i ments were the low est (Boszke and Kowalski,
2007). Sed i men tary Hg con cen tra tions ranged from 0.001 to
15.4 mg · kg–1, with higher con cen tra tions found in the up per
Warta River and be low Poznañ (Bojakowska and Gliwicz,
2008). The Reda and Gizdepka rivers, near Gdynia, showed a
typ i cal pe riod, a drought pe riod, a rain/flood pe riod, and a thaw
pe riod in a year: 15.3, 3.7, 12.2, and 1.4 mgHg/pe riod were car -
ried to Puck Bay, re spec tively. The high est Hg was in a typ i cal
pe riod, but only be cause it was long. Thaws and floods were
brief but strong, in creas ing con cen tra tions of Hg in sed i ment
over a short pe riod of time. The typ i cal, down pours, drought,
and thaw pe riod, con trib uted <1% of the Hg load in tro duced into 
the Bal tic Sea (Gêbka et al., 2019). Vorumaa county in the
south ern Es to nia, home to Liinjarv Lake has lit tle di rect in dus -
trial ac tiv ity, the lake’s Hg in flow be ing mostly via ag ri cul tural ac -
tiv i ties and the at mo sphere. Con cen tra tions of Hg in lake sed i -
ment cores ranged from 0.08 to 0.24 mg · kg–1 and or ganic mat -
ter is the most im por tant el e ment con trol ling the sed i men tary
Hg dis tri bu tion (Lepane et al., 2007). Hg con cen tra tions in the
sed i ment of Babrukas Lake in Lith u a nia ranged from 0 to 10.25
mg · kg–1, in di cat ing that anthropogenic ac tiv ity (waste water
dis charge) had an im pact on the lake (Raulinaitis et al., 2012).
Na tional mon i tor ing data from 2004 showed that the chem i cal
state of eight river sta tions in Lith u a nia did not meet the cri te ria
for fa vour able sta tus in terms of Hg con tent. The av er age con -
cen tra tion of Hg in the Nemunas River (flow ing thro ugh
Belarus, Lith u a nia and the Lith u a nian-Rus sian bor der), the
�eëupÅ River (at the bor der be tween Kaliningrad and Lith u a -
nia), the Šelmenta River (lo cated in MarijampolÅ County), the
Mñëa River (lo cated in the Pakruojo dis trict and Lat via), the
SkirvytÅ River (sit u ated south-west of RusnÅ) and the LÅvuo
River (in North ern Lith u a nia) ex ceeded the limit val ues of En vi -
ron men tal Qual ity Stan dard (EQS) (ValentukevièienÅ et al.,
2013). For ma jor rivers such as the Odra and Warta, Hg con -
cen tra tions ex ceed the back ground level though, ac cord ing to
Gêbka et al. (2019), river sed i ments are not pri mary source of
Hg to the Bal tic Sea. 

SOIL

Con cen tra tion of Hg in soils mostly de pends on the un der ly -
ing ge ol ogy and on anthropogenic ac tiv i ties. Soils are so im por -
tant to eco log i cal pro cesses that when pol lu tion or other fac tors
weaken this eco sys tem, the en tire eco sys tem suf fers and may
col lapse (Robles et al., 2014). The av er age con cen tra tion of Hg 
in Pol ish soil is <0.05 mg · kg–1 (Pasieczna, 2012b). Higher THg
con cen tra tions in soil (>0.06 mg · kg–1) in south ern Po land have 
been linked to ex ces sive Hg lev els in bed rock but the con tam i -
na tion level of top soil is low, at <0.011 mg · kg–1 (FOREGS,
2005). Lo cal Hg anom a lies in the Pol ish Low lands are linked to
var i ous in dus trial and fuel com bus tion pro cesses. The tex tile
sec tor (which use Hg as a cat a lyst in fi bre man u fac ture), as well

as the chem i cal, en gi neer ing, and elec tri cal in dus tries, all rep re -
sent a se vere threat (Lis and Pasieczna, 1995). The Eu ro pean
Un ion LUCAS Top soil Sur vey col lected ~23,000 top soil sam -
ples from land across all Eu ro pean Un ion coun tries. The av er -
age Hg con cen tra tion in Eu ro pean top soil was 0.04 mg · kg–1,
with a range of 0–159 mg · kg–1. Min ing for gold and Hg has his -
tor i cally re sulted in high Hg con cen tra tions at var i ous min ing lo -
ca tions, which could ex plain the high Hg con cen tra tions in
some sam ples from the Krompachy area in east ern Slovakia
caused by min er al iza tion (Hg is a mi nor com po nent in the Fe
and Cu min er al iza tion zone), with min ing and pol lu tion caused
by ore pro cess ing lead ing to in creas ing Hg emis sions (Ottesen
et al., 2013; Gworek et al., 2020).

Kowalski and Frankowski (2016) stud ied the Poznañ area
with in dus trial and mu nic i pal emis sion sources and where coal
is a pri mary fos sil fuel, other sources be ing wastes from hos pi -
tals, ce ment plants, sew age treat ment plants and fac to ries. The 
con cen tra tion of Hg (0.0955 ±0.0391 mg · kg–1) in soil in cen tral
Poznañ was two times higher than in other ar eas of the city. In
gen eral, the con cen tra tion of Hg in ur ban soil is two to four times 
higher than in non-ur ban soil (Pasieczna, 2012a). In 1992, Hg
con cen tra tions were mea sured in Wroc³aw (6.60 mg · kg–1),
Gdañsk (5.50 mg · kg–1; Lis and Pasieczna, 1995) and in 2006,
Boszke and Kowalski (2007a) re ported the high est con cen tra -
tions of Hg (up to 0.746 mg · kg–1) from 61 sam ples in the cen tre 
of Poznañ, per haps re flect ing emis sions re leased from the coal
com bus tion plant. Warszawa (up to 1.08 mg · kg–1), Wroc³aw
(up to 1.14 mg · kg–1), Kraków (up to 1.38 mg · kg–1), and Up per
Silesia (up to 4.01 mg · kg–1) had the high est con cen tra tions of
Hg in ur ban soil. El e vated Hg con cen tra tions were also found in
other Eu ro pean city cen ters, such as Stock holm (on av er age
0.86 ±0.96 mg · kg–1). War saw Ther mom e ter Fac tory sur face
soil layer con tam i na tion with THg, ex am ined in 2005, showed a
mean re sult of 147 mg · kg–1 (Gworek et al., 2020). In lawns in
Wroc³aw ex am ined by Dradrach and Karczewska (2013), con -
cen tra tions of Hg in soil sam ples were in the range of
0.046–1.144 mg · kg–1. More over, Boszke and Kowalski
(2007a) noted, in their study in Po land, Hg con cen tra tions in ur -
ban soil from parks and lawns of 0.16 mg · kg–1. Such con cen -
tra tions mostly de pend on its lo ca tion and pur pose. Ma³u -
szyñski and Ma³uszyñska (2022) ana lysed Hg in the Mazo -
wiecki Land scape Park, where THg con cen tra tions in the soils
ranged from 0.082 to 0.362 mg · kg–1: lev els that reg u la tions in
Po land sug gest in di cate un pol luted soils. 

Re gard less of whether the soil is pol luted or not, Hg is a vol -
a tile el e ment that can mi grate rap idly if cer tain con di tions ex ist.
Ottesen et al. (2013) ob served that min er al iza tion is the key to
Hg anom a lies in Po land’s West ern Sudetes, which can be Rote
F¬ule-re lated (Wierchowiec and Zielinski, 2016). In 2007, the
con cen tra tion of THg in soil sam ples ob tained from a chlor-al -
kali plant in the south-east of Po land was 261 ±9 mg · kg–1, ex -
ceed ing the in dus trial site’s al low able limit of 30 mg · kg–1 dry
soil (Sas-Nowosielska et al., 2008). For est soil in Eu rope has far 
less Hg than ag ri cul tural soil, typ i cally 0.05–0.15 mg · kg–1 and
in Po land, for est soil has an av er age con cen tra tion of 0.095 mg
· kg–1 (Boszke and Kowalski, 2007). Gruba et al. (2019), in ves ti -
gated if spe cific tree spe cies af fect Hg con cen tra tion in for est
soil in Po land. They ana lysed seven dom i nant tree spe cies:
THg con cen tra tions in for est soil var ied due to nat u ral dif fer -
ences in or ganic mat ter, sand con tent, and al ti tude. Hg stocks
in the soil pro files ana lysed rose in the fol low ing or der: pine (12
mg · m–2), birch (15 mg · m–2), oak (21 mg · m–2), al der (24 mg ·
m–2), beech (45 mg · m–2), spruce (50 mg · m–2), and fir (66 mg ·
m–2) and in con cen tra tion: birch (0.06 mg · kg–1), oak (0.06 mg ·
kg–1), al der (0.08 mg · kg–1), pine (0.12 mg · kg–1), beech (0.12
mg · kg–1), spruce (0.17 mg · kg–1) and fir (0.13 mg · kg–1). Tree
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spe cies have a sub stan tial im pact on Hg stocks only in the or -
ganic ho ri zon, and higher con cen tra tions of Hg were de ter -
mined be neath pine, fir, spruce, and beech than be neath oak,
al der and birch.

The av er age con cen tra tion of Hg in Lith u a nian soil is <0.03
mg · kg–1 (Panagos et al., 2021). In for mer mil i tary bases, in
Lith u a nia, Hg con cen tra tions ranged be tween <0.05 and 2.1
mg · kg–1 (Paukstys et al., 1997). Ac cord ing to Salminen et al.
(2011) con cen tra tions of Hg of or ganic layer sam ples (188
sam ples from 3 Bal tic coun tries) are mostly within the range of
nat u ral vari a tion, with a Hg anom aly in cen tral Lith u a nia due to
emis sions from a fer til izer fac tory, while high Hg val ues in
south west ern Lith u a nia may be ex plained by in dus trial emis -

sions from Kaliningrad. No anom aly has been ob served in Lat -
via and Es to nia. Ac cord ing to the in for ma tion pro vided by the
Lith u a nian Geo log i cal Sur vey, the 2011–2017 cy cle of state soil 
mon i tor ing, 71 plots of soil in cul ti vated fields showed Hg con -
tents of the top soil A sam ples be low the sen si tiv ity limit of the
lab o ra tory method of <0.005 mg · kg–1, 21 sam ples ranged from 
0.006 to 0.168 mg · kg–1, with a mean of 0.033 mg · kg–1. In soil
ho ri zon C, Hg was de tected in 23 sam ples and ranged from
0.006 to 0.023 mg · kg–1, with a mean of 0.013 mg · kg–1. Hg
con cen tra tions in all Lith u a nian eco sys tems are only of anthro -
pogenic or i gin, be ing sorbed by or ganic mat ter and ac cu mu lat -
ing in or ganic bot tom sed i ments and or gan i cally fer til ized soil. In 
the up per ar a ble A ho ri zon, there is about 4 times more than in
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T a  b l e  2

Con cen tra tions of Hg ac cord ing to place/re gions

Place/re gion Sed i ment or soil Con cen tra tion
[mg · kg–1] References

Ar kona Ba sin sed i ment 0.228–0.255 Siedlewicz et al., 2020

Born holm Deep sed i ment 0.0504–0.294 Siedlewicz et al., 2020

Bal tic Proper sed i ment 0.0418–0.0753 Siedlewicz et al., 2020

Gdañsk Bay sed i ment 0.004–0.146 Siedlewicz et al., 2020

Gdañsk Deep sed i ment 0.0676–0.263 Siedlewicz et al., 2020

Kolberger Heide sed i ment 0.0144–0.281 Siedlewicz et al., 2020

Mecklenburg Bay sed i ment 0.0221–0.159 Siedlewicz et al., 2020

Gotland Deep sed i ment 0.0539 Siedlewicz et al., 2020

Bal tic Sea sed i ment 

(var i ous places)
sed i ment 0.0012–0.3408 Kwasigroch et al., 2021

Bal tic Sea sed i ment 

(var i ous places)
sed i ment 0.013–0.406 Perttilä et al., 2003

Bal tic Sea sed i ment 

(var i ous places)
sed i ment 0.04–0.3 HELCOM, 2010

Odra Eustary sed i ment 0.00581 Miotk et al., 2013

Gdañsk Deep sed i ment 0.225 Miotk et al., 2013

Gdañsk Deep sed i ment 0.102 Be³dowski et al., 2014

Gulf of Riga sed i ment 1.5 Leivuori et al., 2000

Swarzêdzkie Lake sed i ment 0.082–2.21 Baralkiewicz et al., 2007

Rybnik sed i ment 0.01–0.18 Koniarz et al., 2015

Odra River sed i ment 0.12–2.99 Boszke et al., 2004

Poznan re gion:

Ponds,

Warta River

sed i ment
0.154 ±0.08

0.118 ±0.096
Boszke and Kowalski, 2007a

Liinjarv Lake sed i ment 0.08–0.24 Lepane et al., 2007

Babrukas Lake sed i ment 0–10.25 Raulinaitis et al., 2012

Poznañ soil 0.0955 ±0.0391 Kowalski and Frankowski, 2016

Wroc³aw soil 6.60 Lis and Pasieczna, 1995

Gdañsk soil 5.50 Lis and Pasieczna, 1995

Poznañ soil <0.746 Boszke and Kowalski, 2007b

Wroc³aw soil <1.14 Boszke and Kowalski, 2007b

Kraków soil <1.38 Boszke and Kowalski, 2007b

Up per Silesia soil <4.01 Boszke and Kowalski, 2007b

Warszawa Ther mom e ter Fac tory soil 147 Gworek et al., 2020

Wroc³aw of mu nic i pal lawns soil 0.046–1.144 Dradrach and Karczewska, 2013

Mazowiecki Land scape Park soil 0.082–0.362 Ma³uszyñski and Ma³uszyñska, 2022

Chlor-al kali plant in the south-east
of Po land soil 261 ±9 Sas-Nowosielska et al., 2008

For mer mil i tary bases, in Lith u a nia soil <0.05 and 2.1 Paukstys et al., 1997



the soil. Lith u a nia’s Hg stock is less due to its Hg den sity, while
be ing 1.3 times greater than that of Slovakia and nearly 3 times
larger than that of Slovenia (Panagos et al., 2021).

Ta ble 3 shows the limit val ues for Hg in Bal tic Sea re gion
coun tries. Ac cord ing to this ta ble, Pol ish and Lith u a nian Hg lev -
els in soil are gen er ally be low the limit value and only Up per
Silesia in Po land ex ceeds the limit, be ing al most 3 times higher. 
In deed, the limit lev els dif fer greatly from one coun try to an -
other. As a re sult, com par ing out comes to limit val ues is not a
vi a ble ba sis for anal y sis. There seem to be no Hg de pos its in
Po land, Lith u a nia, Lat via, and Es to nia. Slovakian dense de pos -
its are close to Up per Silesia in the south of Po land (Panagos et 
al., 2021). This may be one of the rea sons why Hg lev els thee
are higher than in other ar eas. More over, Lis and Pasieczna
(1995) noted Hg geo chem i cal anom a lies (>0.10 mg · kg–1) in
the Wa³brzych re gion of cin na bar and metacinnabar de pos its,
in coal seams in Lower Silesia while for Up per Silesia, the
source of Hg is thought to be emis sions from coal-fired power
sta tions. In ad di tion, the con cen tra tion of Hg in hard coal from
the Lower Silesia coal ba sin de posit is 0.399 mg · kg–1 and from
the Up per Silesia coal ba sin de posit it is 0.06 mg · kg–1 (Bojako -
wska and Soko³owska, 2001). Fur ther more, the metal in dus try
in this re gion may be the key fac tor in the area (Ballabio et al.,
2021). Com par i son of stud ies car ried out in 1992 and 2006 re -
vealed that, for Wroc³aw, con cen tra tions of Hg dras ti cally
changed. Un for tu nately, there is lit tle data avail able con cern ing
Hg data in the  soils of Lith u a nia, Lat via, and Es to nia. 

CONCLUSIONS

Anthropogenic emis sions of Hg strongly af fect the en vi ron -
ment and there fore, pose an el e vated risk on hu man be ings as
well as na ture via sed i ment and soil. This over view com piles re -
cent Hg and MeHg stud ies of soil and sed i ment.  

Af ter World War II, many bas ins in the Bal tic Sea were used
as mu ni tion dump sites. This prac tice, in ad di tion to sunken
ships and sub ma rines there fore in creased Hg con cen tra tions in 
the sed i ments. Point sources near the shores and rivers fur ther
con trib ute to the in creas ing Hg in flows to the Bal tic Sea, which
in cludes sev eral shal low bays with min eral-rich clays and sand
bot toms. Clays are used for de con tam i na tion and remediation
in pol luted wa ters and soil be cause of their high sorp tion ca pac -
ity, and such a pro cess can hap pen nat u rally. Pol lut ants from
both or ganic and in or ganic sources can be ab sorbed by the Bal -
tic Sea sed i ment. Fur ther more, bi otic me tab o lism is higher in
shal low wa ter than in deep wa ter and this en hances the con ver -
sion pro cess of MeHg. Hg has a res i dence du ra tion of 20–30
years in the oceans and 30–40 years in the Bal tic Sea, but only
0.8–2 years in the at mo sphere. As a re sult, Hg re leased into the 
wa ter di min ishes far more slowly than Hg re leased into the at -
mo sphere. Toxic sub stances cir cu late for an ex tended pe riod in 
the sea, con trib ut ing to its sen si tiv ity. Com par i son of pre vi ous
THg lev els with re cent stud ies showed on go ing changes in Bal -
tic Sea sed i ments. In the case of rivers, Hg in sed i ment sur pass
the back ground Hg con cen tra tions in the Odra and Warta rivers 
in Po land. De spite this, an other re cent study dem on strated that
river sed i ments are not the pri mary source of Hg into the ma rine 
en vi ron ment, though some older re sults may have yielded over -
es ti mated re sults.

Stud ies of soils in Po land and Lith u a nia re vealed con cen tra -
tions of Hg above limit lev els only in the Up per Silesia re gion,
and here they were three times higher. This may be de rived
from Slovakian Hg de pos its and/or coal-com bus tion plants and
metal in dus try lo cated close to this area. More over, the con cen -
tra tions of Hg in Wroc³aw showed an sub stan tial de crease be -
tween 1992 and 2006. In ad di tion, dom i nant trees, such as fir
and spruce, can var i ously af fect soil ac cu mu la tion of Hg. Ac -
cord ing to the Lith u a nian Geo log i cal Sur vey, Hg lev els in Lith u -
a nian soils are among the low est in Eu rope. There are many
causes for in creases of Hg pol lu tion, such as ag ri cul tural tech -
niques, but the most impactful are min ing and coal com bus tion
pro cesses. We could not find any data or study on con cen tra -
tions of Hg in the soils of Es to nia and Lat via, and fur ther stud ies
are needed in or der to dis cover re cent trends of Hg in the soils
of Lith u a nia, Lat via, and Es to nia. Thus, Hg mon i tor ing re mains
cru cial.

Ac knowl edge ments. We would like to thank S. Vasare -
vicius and J. Be³dowski for con struc tive re views and com ments
that im proved the qual ity of the fi nal ver sion of this ar ti cle.
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