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1. INTRODUCTION

M ercury belongs to the category of inorganic po llu tan ts  in the  hydros­
phere  w hich  are  po ten tia lly  harm fu l for m arine organism s, in h igher 
concentrations, e ither d irec tly  or follow ing accum ulation in the  food 
chain [6]- Due to the high vo latility  of m ercu ry  compounds, a g rea t 
p a rt of the  annual w orld production escapes in to  the  oceans. The w ell 
know n specific situation  of the  Baltic, which is exposed to  the  an th ro ­
pogenic influences of 7 h ighly  industrialized  countries, requ ires p a rti­
cu lar a tten tion  and detailed  investigations. M unicipal sewage, for in ­
stance, alw ays contains' significant am ounts of m ercury , even if p a r ­
ticu lar industria l or o th e r sewage sources are absent. Estim ates ind i­
cate th a t the  am ount discharged w ith  m unicipal sewage is approxim ately  
0.2 g p e r person per year [4], Assum ing a to ta l drainage a rea  of 
1.65X10° km 2 w ith  140X10® people, a to ta l q uan tity  of 28 tons of Hg 
per year could be ex trapo la ted  as anthropogenic input.

As regards the  conten t of m ercu ry  com pounds in Baltic w ater, 
very  few  data  are  available a t p resen t [14, 15, 17]. The spectra of pub li­
shed values include concentrations of m ercu ry  com parable w ith  data  
from  the  A tlan tic  [14, 5], b u t also am ounts [17] which are n ea rly  in the  
order of m agnitude as those from  the M inam ata Bay (Japan) d e te rm i­
ned a fte r  the  ou tbreak  of the  „M inam ata disease” [18].

To detect the  load of a sea area by heavy  m etals using analyses of 
w ater sam ples is often com plicated. S hort-tim e local emissions cause 
strong fluctuations which can only be com pensated by a g rea t num ber 
of m easurem ents of sam ples d ifferen t in space and tim e. The sedim ent 
was therefo re  freq u en tly  used as an indicator of the  environm ental pol-
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lu tion and the  developm ent h isto ry  of a sea. The volum e of data on the 
m ercu ry  conten t of Baltic sedim ents is also lim ited  at p resen t [9, 10, 13], 
how ever.

The paper gives a sum m ary  of our resu lts  of m ercu ry  analyses in 
w ater and sedim ent sam ples taken  from  the Baltic. Special a tten tion  is 
devoted to the  d ifferen t chem ical and physico-chem ical form s of th is 
elem ent.

2. EXPERIM ENTAL

2.1. Sea water

The sam ples w ere taken  in  1977 during seasonal cruises of the  r / v  
„Prof. A. P enck” in the Baltic. In J a n u a ry /F e b ru a ry  the  sam pling was 
carried  out w ith  the  in ten tion  of characterizing  the  regional d istribu ­
tion of Hg. In Ju ly , w hilst m oored in the  A rkona Basin, investigations 
on chem ical form s of m ercu ry  w ere carried  out for an ecological expe­
rim en t using 30-dm 3 plastic containers. The analysis of w ater sam pled 
during  BOSEX (Baltic Open Sea Experim ent) should afford a p relim i­
n a ry  idea as to the  tem poral varia tions of the  m ercu ry  content. In addi­
tion, some experim ents concerning the  choice of appropriate  decom po­
sition procedure and storage conditions w ere carried  out in the  labora­
tory.

The chem istry  of the  m ercu ry  determ ination  is based on the  m et­
hod developed by H atch and O tt [7] and m odified by Olafsson [11] for 
sea w ater. It includes the reduction of ionic or labile m ercury  compounds 
(both inorganic and organic) w ith  stannous chloride to the elem ental 
s ta te  and the  accum ulation of the m etal vapour expelled  by a carrier 
gas by m eans of am algam ation on gold foil. The analyses w ere carried  
out an open Colem an MAS-50 m ercu ry  analyzer system  including a 
„gold tra p ” heated  by a resistance w ire.

The ca rrie r gas w as argon. The chem icals and reagen ts used w e­
re  com m ercially  guaran teed  „m ercu ry  fre e ” quality  or w ere additio­
nally  purified. M ercury standards w ere p repared  from  the  M erck ,,Ti- 
triso le” . Traces of m ercu ry  in the  deionized w ater and in the carrie r 
gas stream  w ere rem oved by tre tm e n t w ith  perm anganate  and active 
charcoal, respectively.
P rocedure

One hundred  and fifty  cm 3 of sea w ater (pH 1.5) w ere placed in 
a 300 cm 3 BOD bottle  and trea ted  w ith  1 cm 3 of conc. H N 0 3 and 
2 cm 3 of a 20% Sn (II) solution for 30 min. The m ercury  vapour was



driven  off by a stream  of argon passed at a ra te  of 15 dm 3/ h  over a pe­
riod of 30 m in and the  m etal was trapped  on the  gold foil. A fter drying 
the  foil for 2 min, it was heated  in  the  gas stream  w hich was subsequen­
tly  passed th rough  an absorption cell. The decrease in the  transm ission 
was recorded. To determ ine the  to ta l am ount of m ercury , the  sam ples 
had to be decomposed by  oxidation of organic m atte r w ith a m ix tu re  of 
perm anganate  and peroxodisu lphate in a su lphuric  acid solution for at 
least 12 h. A fter destroying the  excess of the oxidants by  hydroxylam ine 
hydrochloride the  analyses w ere  continued as described. The difference 
betw een th e  labile and to ta l Hg was a ttr ib u ted  to the  stable (m ostly 
organic) fraction.

To avoid contam ination risks, the  w a te r sam ples w ere usually  not 
filtered . W hen determ ining  p a rticu la r form s of m ercury , how ever, the 
f iltra tion  w as necessary and w as carried  out using an in-line filtra tion  
device which included a perista ltic  pum p, a 47 m m  (in d iam eter) poly­
propylene filte r  hoder and N uclepore filte rs  (pore size 0.4 nm).

2.2. Sedim ents

D uring February-M arch  1978 sam ples of sedim ents w ere taken  in the  
W estern  Baltic (M ecklenburger Bucht) using a 4.5-m long corer. The 
tube of the  coring device w as driven  into the  bottom  by a v ibrator. 
To avoid contam ination, the  m etallic w alls w ere lined w ith  a p lastic m a­
teria l. The subsam ples w ere placed in carefu lly  cleaned polyethylene 
bo ttles and kept at — 20°C u n til analysis could be carried  out ashore. 
P rocedure

A sam ple of the w et hom ogenized sedim ent (1— 1.5 g) was placed 
in a teflon bomb, trea ted  w ith  2 cm 3 of conc. H N 0 3 and 5 cm 3 of conc. 
H 2S 0 4, tig h tly  closed and heated  at 150°C for 1 h. A fter cooling, th e  
conten ts of the  bom b w ere  tw ice centrifuged. The superna tan t was tra n s­
ferred  to a 100 cm 3 graduated  flask  and trea ted  for a t least 2 h  w ith  
2 cm 3 of a sa tu ra ted  K M n 0 4 solution. The volum e w as th en  m ade up 
to about 80 cm 3 and hydroxylam ine hydrochloride was added un til th e  
solution becam e colourless. For the  subsequent AAS m easurem ent th is 
procedure was used w ith  a few  m odifications only. For instance, the  
sam ple volum e was changed to  25 cm 3 and the size of the  reaction ves­
sel had to be reduced  accordingly.

A part from  m ercury, o ther trace  m etals such as Fe, Mn, Zn, Cr, Ni, 
Pb, Cu, Co and Cd, as w ell as the  conten ts of organic and inorganic 
carbon and particu la te  fractions of sand, silt and clay  w ere also d e te r­
mined.



3. RESULTS AND DISCUSSION

S i -.. ■ ■

3.1. General methodological investigations

P rio r to discussing the  resu lts  of m ercu ry  determ inations in w ater 
and sedim ents, it seem ed w orthw hile  to specify d ifferen t form s of th is 
c lem ent occurring in the  n a tu ra l environm ent. To detect these form s, 
30 dm 3 of th e  fresh  u n filte red  w a te r taken  from  the  A rkona Basin 
w as enriched w ith  H g(N 03)2 to increase the  concentration  of m ercu ry  
by  150 n g /d m 3. B earing in m ind the  d istribu tion  of m ercu ry  in control 
sam ples, the  q u an tity  of K g(N 03)2 added was d istribu ted  during 3 days 
storage in a p lastic container into the  following franctior.s:

The d ifference (100%— 64.6%=3E>.4%) is likely  to be adsorbed on 
the  w alls of the  container. S im ilar investigations w ith  the addition of 
Zn, Cd, P b  and Cu salts showed th a t the  fractions of these elem ents 
adsorbed on the  w alls w ere of m inor im portance under the  sam e con­
ditions. This illu s tra tes  once m ore the  ex trao rd inary  n a tu re  of m ercury  
in n a tu ra l system s as com pared w ith  o ther m etals (see also [1] and [2]).

To choose appropria te  pH  value for the  storage of samples, expe­
rim ents w ith  sea w ater kept under d ifferen t conditions w ere run . The 
fractionation  of Hg m easurd  at pH 7— 8 (Table 1) was sim ilar to th a t 
observed in the  plastic container. An optim um  seem ed to occur a t pH 
around 1.5, p a rticu la rly  for the  labile fraction. As expected, the  con tri­
bution of p articu la te  form s of m ercu ry  decreased upon low ering the  pH

Fig. 1 shows the  exponential decrease of the  conten t of labile Hg 
in a sam ple at pH  8. O ver a period of 35 days the  concentration dropped 
to 1.5% of the  in itia l value.

To check the  optness of choice of the decom position procedure, some 
filte red  sam ples from  the  A rkona Basin (F ebruary  1978) w ere oxidized 
by d iffe ren t procedures. The ra te  of these reactions is shown in Fig. 2. 
In a 0.03%) perm anganate  solution the  labile m ercu ry  was released  
very  quickly. P eroxodisu lphate  acted significantly  slow er a t sim ilar con­
centration . To ensure  quan tita tive  recovery  of the  p redom inant p a rt  of 
the stab le  bound m ercu ry  in sam ples of qu ite  d ifferen t composition, we 
recom m ended 12-h oxidation w ith  a K M n04 — K 2S20 8 m ixture . The 
use of the  peroxodisulphate was suggested by  some authors to decom ­
pose those substances w hich are res is tan t to the  perm anganate  alone.

Fraction  A (labile, soluble) 
Fraction  B (stable, soluble) 
F raction  C (labile, particu late) 
F raction  D (stable, particu late)

I.90/0
42.2%

0.6%
19.9% 

T otal 64.6%



Table 1. Variations of different fractions of m ercury in relation to the pH 
Tab. 1. Zmienność różnych frakcji rtęci w  zależności od pH

Sample NO — Nr próbki

1 2 3 4 | 5 6 1 7 8
pH

8 7.5 7 2.5 1.7 1,5 0.7° 0.4“

°/o adsorbed on the w alls b 
»/« zaadsorbowanej na ściankach 47.8 35.6 22.7 6.4 2.2 1.9 1.5 0.9
— desorbed by acid, labile

zdeisorbowanej kwasem , labilnej
33 25 15 3.6 1 '1 0.8 0.6

— desorbed by acid, stable
zdesorbowanej kwasem , trwałej

14 10 7 2.5 1.2 0.9 0.7 0.3

— exchangeable only after oxi- 0.8 0.6 0.7 0.3 0.0 0.0 0.0 0.0
dation; w ym iennej jedynie po 
utlenieniu
Fractions per cent c 
Frakcje, */o c

A 0.7 6 8 106 104 101 82 72
B 68 74 74 101 103 106 110 110
C 0.3 2 2 2 1 1 0 0
D 138 115 118 76 58 43 7 7

* Calculated value. — Wartość obliczona.
* After 35 days, based on initial concentration of total Hg. — Po 35 dniach, w  stosunku do 

całkowitego początkowego stężenia Hg.
c A lter 28 days, based on initial concentration of different franctlons. — Po 28 dniach, w  sto­

sunku do początkowego stężenia różnych frakcji.

Fig. 1. Decrease of dissolved  
labile Hg during storage without 
preservation (pH 8)

Rys. 1. Spadek zawartości 
rozip uiszczonej, lafoiilnej rtęci 
podczas przechowywania bez 
konserwacji (pH 8)

— Oceanologia



Fig. 2. Rates of the reactions of decomposition of organomercuiry com­
pounds (sea water, S: 8.7%n)
a, b — 100 ng of d'iphenylmercury per dm3 of sea water 
c, d — sea water neat 
------ 0.08% K 2S208; -------- 0.03% KMnO,

Rys. 2. Szybkość reakcji rozkładu związków rtęcioorgamicznych (woda morska, 
S =  8.70/nn)
a, b — 100 ng dwufenylortęci w  dm5 wody morskiej 
c, d  — czysta woda morska 
 0.08% K2S208; ------------ 0.03% KMnQ4

3.2. Mercury in the Baltic water

As can be seen in Tables 2 and 3 and in Fig. 3, the  concentration of la­
bile m ercu ry  usually  varies betw een  5 and 40 n g /d m 3 in the  w estern , 
cen tra l and sou thern  areas of the  Baltic Sea. The range of the  stable 
form s is broader and m ore expressive. For instance, the  m ercu ry  pollu­
tion was som etim es described by  to ta l am ounts of the  m etal only, w he-



Table 2. Mercury in the Baltic water 
Tab. 2. Rtęć w  wodzie bałtyckiej

Labile fra-ction — Frakcja laihilna Total amounts — Zawartość ca ł­
kowita

Samples
Próbki

Range j  Mean 
Zakres Średnia 

(ng/dm3)(ng/dm3)
1

Standard
deviation

Odchylenie
standartowe

(%>)

Samples
Piróbki

Range
Zakres

(ng/dm3)

Mean
Średnia
(ng/dm*)

Standard
■deviation

Odchylenie
standartowe

31.1—'13.2.1977
54 0.9—65 14 ±  91 50 4—266 48 ±128

8 and 16.7-4977 
(ÖKEX)

14 2 —23 6 ±104 14 7— 35 21 ±  48
6—21.9.1977

(BOSEX)
51 0.5—36 8 ±  86 48 24—.225 88 ± 47

reas the  contribu tion of the  labile Hg was not m arked ly enhanced.
This can be caused by th e  buffering  capacity  of orginic m atte r dissolved 
in w ater. R em arkable was also the  d istribu tion  of m ercu ry  at station 
200 (IBY 4 B) was also exceptional.

The increased levels of the  tw o m ain form s of m ercu ry  at depths 
of 40 and 80 m can be explained in term s of special hydrographical con­
ditions of th is region. A sim ilar phenom enon was also observed w ith  
o ther elem ents. D uring th e  investigations in  F ebruary , M ay and No­
vem ber 1873 and in O ctober 1975 at th is station  at depths vary ing  b e t­
w een 20 and 80 m, the  levels of Zn, Cd and Pb  exceeded, by 1— 2 
orders of m agnitude, those found in o ther areas of the  Baltic Sea inclu ­
ding the  ad jacen t eastern  B ornholm  Basin (station 213 — IBY 5 A). 
These findings w ere cofirm ed by the  resu lts  reported  by Olausson and 
associates [13]. In a 2-cm surface layer of the  sedim ent taken  in the 
w estern  B ornholm  Basin these au thors found the  m ercury  levels tw ice 
as high (135 ppb) as in the  easte rn  area of th is basin (62 ppb) and about 
4— 5 tim es h igher th an  to  the  no rth  of the  explored area. S im ilar fin ­
dings w ere also repo rted  for the  lead conten ts in sedim ents taken  at 
d ifferen t stations [13].

The re la tive ly  sm all num ber of data  points p recluded  m ore ge­
n era l rem arks as to the  m ercu ry  level of the  Baltic. Sea. S im ilar p rob­
lem s em erged w hen discussing the  resu lts  of investigations carried  out 
during BOSEX 77. Fig. 4 shows tem poral varia tions of the  labile and 
to ta l am ounts of m ercu ry  at d ifferen t depths. The labile fraction con­
stitu ted  on average 9.5%  of the  to ta l am ount. In  the  surface layer, r i­
chest in dissolved organic carbon (DOC) (3.0— 5.3 m g /d m 3, m ean



Table 3. Mercury levels at som e selected stations in the Baltic (1977)
Tab. 3. Zawartość rtęci w  niektórych wybranych stacjach na Bałtyku (1977)

Sta­
tion  

ło. Nr
stacji

Position — Pozycja Siam-
•plling
diaite
Dalta
pobr.

próbek

Depth
Głębok.

(m)

S It Hg (ng/dm3)

Longitude
(E)

Długość
geogr.

Latitude
'(N)

Szerofaość
geogr.

%o QC Jabitae
labilna

toltal
calk.

023 l;l°03.3’ 54°03.5’ 31.1. 1.2 16.68 0.49 __ 38
10.3 17.30 1.09 25 46
21.0 17.95 1.73 31 44

0.20 11°27.8’ 54°11.3’ 1.2 9.6 16.80 1.53 15 33
19.6 19.31 2.76 16 36
22.0 19.53 2.78 14 38

0.12 11°33.0’ 54°18.9’ 1.2 1.4 11.51 42 76
10.3 14.79 42 61
22.6 18.88 16 22

041 12°03.7’ 54°24.4’ 1.2 1.3 9.43 1.01 14 20
10.2 14.27 1.29 11 24
16.6 1:8.111 1.42 11 —

0.30 12°47.0’ 54°43.4’ 2.2 0.9 10.39 0.64 16 27
10.3 10.42 0.86 22 35
19.8 17.55 2.26 20 —1

150 14°02.6’ 54°36.7’ 4.2 0.6 8.24 1.42 4 4
9.3 8.23 1.41 9 42

18.3 8.26 1.35 4 17
103 13°59.3’ 55°03.8’ 4.2 1.8 8.42 1.91 4 lii

20.7 8.43 1.90 4 16
30.8 8.44 1.90 5 14
40.3 8.68 3.26 4 16
44.2 12.96 2.70 7 9

142 14°32.2’ 55°24.3’ 6.2 1.5 7.66 2.07 5 17
9.3 7.65 2.03 5 —

20.1 7.79 1.95 3 —
29.9 7.89 2.00 2 —
40.3 8.10 2.32 4 22
49.7 8.66 2.63 6 33

200 15°20.0’ 55°23.0’ 8.2 1.3 2.1.1 1 4
9.9 7.58 2.1:1 3 4

20.2 7.59 2.12 4 6
29.8 7.69 2.10 4 —
40.4 8.13 3.13 13 105

. 49.7 9.00 4.42 10 24
70.8 16.16 6.23 Ł1 19
80.5 16.08 6.97 65 208
89.2 17.44 7.03 16 32

233 19°17.0’ 54°52.0’ 12.2 1.6 8.06 2.04 4 217
49.7 8.25 2.92 9 32

106.1 13.49 7.98 9 93
113 13°30.0’ 54°55.5’ 16.7 1 4.6 1-5.0 2 16

5 2 34
10 11.1 1:5.0 2 33
20 10.6 14.1 1 19
30 W.8 9.9 4 16
40 15.2 10.6 23 35
45 2 15

295 18°44.0’ 56°06.0’ 8.9 2.0 7.60 15.96 15 95
49.7 7.99 2.77 12 70
90.2 11.34 4.88 7 86



4.0 m g /d m 3) [8], the  con tribu tion  of th is  fraction  was only 6.5%. In 
th e  bottom  w ater w ith  DOC levels of 1.6— 3.3 m g /d m 3 (m ean 
2.3 m g /d m 3), about 15.5°/o of th e  dissolved m ercu ry  w as bound in 
th e  labile fraction.

The rela tionsh ips betw een  th e  s ta b le /lab ile  fractions and th e  DOC 
values w ere only qualita tive . This is no t surprising  w hen one takes 
into consideration the  follow ing points: (i) only about 10% of the  or-

5-
Fig. 3. D istrłbution of 

mereury conteaiits 'in łh e so-  
uitheam, middile and western  
parts of the Balltic (Jaonuary 
— Felbruary 1977)
A  — laibdile fracltion; B — to -  
tał amoumit

Rys. 3. Rozkład zawar­
tości rtęci w  południowej, 
środkowej i zachodniej części 
Morza Bałtyckiego (styczeń — 
luty 1977)
A  — frakcja labilna, B — zawartość całkowita
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6 .9  8 .9  9.9 51.9 19.S 21.3.1277

Fig. 4. Variations in the labile and total quantities of Hg at the BOSEX sta­
tion 295 (September 1977)
A — labile fraction; B — total amount; • — 1 m; x — 50 m; o — 90 m

Ryis. 4. Wahania ilości ritęci lab i In e j i całkowitej na stacji BOSEX 293 (wrze­
sień 1977)
A — frakcja labilna, B — zawartość całkowita, • — 1 m, x — 50 m, o — 90 m

ganić substances m aking up the  DOC have been identified  so far; (ii) 
the  com position of the  DOC m ay vary  w ith in  g rea tly ; (iii) m ercury  
shows enhanced affin ity  to certa in  classes of substances or functional 
groups.

No correla tion  could also be found w ith  o ther p aram eters  such as 
the  salinity , tem pera tu re , oxygen and n u trien t levels etc. Indirectly , 
a v a rie ty  of biochem ical and geochem ical processes, the  inflow  of oce­
anic w ater in to  the  Baltic and the  presence of d iscontinuity  layers, 
m ay all affect the  levels of p articu la r form s of m ercu ry  significantly.

A cam parison of these values w ith  a sm all num ber of those pub ­
lished by o ther au thors is d ifficu lt owing to  differences in the  m ethods 
em ployed, areas explored and tim es of carry ing  out the  m easurem ents. 
As dem onstrated  by recen t in terca lib ra tion  experim ents, the  differences 
are  som etim es quite  significant [12]. T hey  are  m ostly  due to m odifica­
tions in the  sam pling and decom position procedures w hich are asso­
ciated w ith  various sources of contam ination and various fractional d is­
tribu tion  of p a rticu la r chem ical form s of m ercury .



3.3. Mercury in the Baltic sediments

R ecent aquatic sedim ents con tribu te  m uch to  the  balance of m a tte r  in 
the  environm ent. Hence, th ey  can also reflec t th e  pollu tion  of a sea 
area. F rom  the  resu lts  of our m easurem ents (Fig. 5) conclusions can be 
d raw n as to the  anthropogenic contribu tion  to the  pollu tion  by  trace  
m etals. To determ ine the  „anthropogenic facto rs”, m ean values of the  
surface concentrations of the  m etals (0— 6 cm) w ere re la ted  to those 
at a>100-cm  depth. The factors shown in Table 4, provide m ean va­
lues of 5 subsequent m easurem ents. The increase in th e  m ercu ry  level 
on th e  surface of bottom  sedim ents is g rea test as com pared w ith  th a t 
of any  o ther elem ent. This is also confirm ed qualita tive ly  by the  trace  
m etal profiles shown in  Fig. 5.

Table 4. Factors of the anthropogenic influence on the composition of bottom  
sediments in the Baltic

Tab. 4. Współczynniki wpływu antropogenicznego na skład osadów dennych 
w Morzu Bałtyckim

H g Fe Mn Zn Cr Ni Pb Cu Co Cd

3.2 1.0 1.0 1.5 1.2 1.1 1.3 1.2 1.5 2.1

Table 5. Correlation of Hg w ith other components (Significance levels: lr l^ 0 .4 8  
(95%); Irl3s0.61 (99°/o))

Tab. 5. Korelacja Hg z innym i składnikami (Poziomy istotności: lr l^ 0 .4 8  
(95%); lr l> 0 .6 1  (99%))

Component
Składnik

X s 1 H g

H g (ppb)
l

39.9 20.2 1

Fe ( % ) 3.59 0.32 0.020
Mn (ppm) 538.7 78.0 0.126
Zn (ppm) 90.1 16.0 0.214
Cr (ppm) 67.1 7.5 0.226
Ni (ppm) 45.9 6.7 0.663
Pb (ppm) 28.7 4.0 0.119
Cu (ppm) 2 2 .1 3.2 —0.032
Co (ppm) 10.3 3.5 0.371
Cd (ppm) 0.77 0.19 0.199
C o rg . <%) 3.75 0.55 0.585
C in o rg (•/.) 2.87 3.56 —0.429
Sand (%) 0.69 0.41 0.618
Silt C/o) 78.5 4.5 0.525
Clay (%) 20.2 4.7 —0.554



Fig. 5. Composition of bottom sedim ents in the w estern Baltic (Feb. 27lth, 1978, 
depth 24.3 m, core 4.43 m)

Rys. 5. Skład osadów dennych Bałtyku zachodniego (27.2.1978, głębokość 24,3 m 
rdzień 4,43 m).

To find correlations betw een  the m ercu ry  con ten t and o ther geo­
chem ical param eters  of the  sedim ents, correla tion  coefficients, r, w ere 
calculated  (Fig. 5). T here  are  significant positive correlations w ith  the 
conten ts of nickel, organic carbon, silts and sand. M ercury is negatively  
corre la ted  w ith  the  clay fraction  and less significantly  w ith  inorganic 
carbon. The resu lts  showed the  expected close correla tions betw een the  
am ount of organic m atte r  and the  m ercu ry  level and confirm ed once 
m ore the  organic origin of the  m etal. The m echanism s responsible for 
these significant correla tions have not been com pletely explained as yet.



T hey can only be elucidated  as soon as m ore experim ental evidence 
is accum ulated.

3.4. Mercury balance of the Baltic

The enrichm ent of the  bottom  sedim ents in  m ercu ry  was estim ated  based 
on the arithm etic  m eans of the  concentrations in the  upper 6-cm layer. 
This layer is equ ivalen t to a tim e span of about 30 years assum ing a se­
dim entation  ra te  of 2 m m  p er year. The value of 2.55 g /c m 3 was assu­
m ed for the density  of the  solid phases. It is w ell know n th a t the  sedi­
m entation  takes place m ostly  in th e  cen tra l and deeper p a rts  of basins. 
Assum ing the  m ean sedim entation  ra te  of 2 m m  p er year for 25%  of 
the  Baltic area, the  to ta l m ercu ry  am ount deposited during one year can 
be estim ated  from  the com position of th e  sedim ents. The m ercu ry  ba­
lance of the  Baltic Sea was calculated  on a basis of the  volum e of 
21714,2 km 3 and an area of 415,125 km 2 [3].

Table 6. Mercury balance of the Baltic Sea 
Tab. 6. Bilans rtęci dla Morza Bałtyckiego

Water — Woda

Labile fraction — Frakcja labilna (ng/dm5) 1-1

(t) 43

Total — Zawartość całkowita <ng/dm3) 68

<t) 267

Sediment — Osad

Average at a depth of 0—6 cm (ppb) 75
Średnio w  w arstw ie od 0 do 6 cm

Deposited — Wytrącona (u§ rn-2 yr-1) “ 36

(t yr-1) b 30

Input — Dopływ (t yr-1) c 29

Residence time — Okres przebywania

Labile fraction — Frakcja labilna (yr — ro<k) 1.5

Total — Całkowita zawartość (yr — rok) 8.9

* Sedimentation rate 2 mm per year — Szybkość sedym entacji 2 mm na rok.
For 50“/o of the Baltic area — Dla 50% powierzchni Bałtyku. 

c Sommer, 1977. — Wiosna 1977 r.

The values listed  in Table 6 for the  m ercu ry  balance are only p re ­
lim inary . They should be corrected , for instance, for the  am ounts tra n s ­



fe rred  to the  N orth  Sea. It is no t surprising  th a t the  data  for the  to tal 
annual inpu t reported  by Som er [16] don’t agree w ith  those calculated 
from  the  com position of the  surface layer of the  bottom  sedim ents. 
This indicates th a t the  assum ed sedim entation rate , the  surface area of 
the  depositional zone of the  Baltic Sea and the  data  for the  im m ission of 
m ercu ry  m ust be im proved.

4. CONCLUSIONS

The follow ing conclusions can be d raw n from  the  resu lts  of our inve­
stigations on the  m ercu ry  conten t of the  Baltic w ater and sedim ents:

(i) The labile  form s of m ercu ry  in the  w ater sam ples often consti­
tu te  only a low fraction  of the  to ta l am ount. In  fu tu re  m ore a tten tion  
should be paid to the  n a tu re  and behaviour of the  stable bound form s 
of m ercury ;

(ii) The available data  on th e  m ercu ry  content is v e ry  lim ited  at 
p resent. To be able to characterize  th e  pollu tion of the  Baltic w ith  m er­
cury, m easurem ents should be carried  out using in terca lib ra ted  and 
agreed m ethods;

(iii) The rela tions betw een  the  conten t of suspended m atte r  in the 
B altic w ater and the  m ercu ry  levels are  still poorly understood. De­
tailed  investigations on the  in terac tion  betw een p articu la r form s of 
suspensions (inorganic, organic, partic le  size) and th e ir  accum ulation ca­
pacity  should be carried  out;

(iv) A nalyses of the  bottom  sedim ents revealed  significant an th ro ­
pogenic im pact on th e ir  trace  m etals levels. Of about 30 tons of m er­
cu ry  en tering  the  Baltic annually , only 30% are  of n a tu ra l origin;

(v) The im portance of d iffe ren t pa thw ays of the  inpu t of m ercury  
com pounds into the  Baltic env ironm ent is still unknow n. C arefu lly  p lan ­
ned experim ents, pa rticu la rly  for the  estim ation of atm ospheric input, 
are needed;

(vi) C orrelation factors betw een  the  m ercu ry  levels and o ther pa­
ram eters  of the  sedim ents reveal a close in terdependence w ith  th e  con- 
te n t\o f  organic carbon. To get m ore inform ation on diagenetic and au- 
thigenic processes, detailed  investigations of the  binding form s of th is 
e lem ent in the  sedim ents should be carried  out.
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OZNACZANIE RTĘCI W W ODZIE M ORSK IEJ I OSADACH 
BAŁTYKU METODĄ ZIMNYCH PA R AAS

Streszczenie 1

W pracy przedstawiono li przedyskutowano wyniki oznaczeń rtęci w  próbach w o­
dy i osadów pobranych w  Bałtyku. Specjalną uwagę poświęcono różnorodnym for­
mom chemicznym i fizykochem icznym  występowania tego pierwiastka. Oznaczono 
form y występowania labilne i trwałe. Badania metodyczne wykazały duży w pływ  
wartości pH na zmiany form w  czasie przechowywania prób. Wydaje się, że w  
Bałtyku dominującą jest związana organicznie forma trwała rtęci, powiązana w  spo­
sób ilościow y ze stężeniem  rozpuszczonego węgla organicznego.

Na podstawie zawartości rtęci w  rdzeniach osadów można było oszacować 
udział antropogeniczny i roczny ładunek wnoszony do Błtyku. Oszacowano także 
bilans i okres przebywania tego metalu w  wodzie Bałtyku.

Obliczając współczynnik korelacji ustalono istnienie ścisłego powiązania m ię­
dzy zawartością rtęci w  badanych próbach osadów dennych a zawartością innych  
składników (np. węgla, niklu).

Opisano szczegółowo zastosowane metody analityczne.
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