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The environment of chemical munition (CM) dumpsites in the Skagerrak and in the Bornholm Ba-
sin was described in the previous publication (Emelyanov, 2007). The dumpsite of chemical munitions
in the Gotland Basin is located in the southern part of the Gotland Deep. This part was named as Stupsk
“River’s foredelta”. This “river” discharges suspended particulate matter into this foredelta. As a result,
the layer of the Litorina mud here is the thickest in the Gotland Basin (up to 730 cm, sedimentation rate
is 0.94 mm/y). From the eastern side of the foredelta there is non deposition or rewashing area, where
till deposits with a thin cover of sand forms the surface of a hard bottom. Shells and bombs with poison-
ous matter could have been laid on the hard bottom or in the soft Litorina mud. However, we did not
find any bombs or shells during our investigations. All the twenty two chemical elements we studied in
the sediments were distributed according to the rule of the pelitic fraction (Emelyanov, 2005): the more
the pelite (fraction < 0.01 mm) - the higher the content of the element. The maximal content of Zn (in
the pelitic mud) is 39 times higer than its minimal value (in the sand), for Mn it is 416 times, for Fe - 17
times and for As — 77 times. The mean values of the elements in the pelitic mud (or clay in the western
terminology) are 1.4-3.1 times higher than in the sand.

The maximal content of As (which is an indicator of the hydrolysis of lewisite and mustard gas
(yperite) in the surface (0-5 cm) sediments) is 32 mg/kg (10-20 mg/kg on the average), i. e. similar to
the same type of mud far from the dumpsite areas. In some layers of the Litorina mud strata and in the
Ancylus clay we obtained us much as 130 mg As / kg. These hightened contents were formed due to the
presence of iron sulphides in these layers: the sulphides contained up to 400-450 mg As / kg. The high
contents of As and other toxic elements (Cd, Pb, etc.) formed due to natural (diagenetic) processes,
but not as a result of the hydrolysis of CM on the bottom. The bottom of the Southern Gotland Deep is
sufficiently clean.
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INTRODUCTION

magnetic field anomaly (Theobald, 2001; Paka, Spiridonov, 2002;
ITaka, 2004).

Chemical munitions were deposited after the World War II in
three places on the sea bottom of North Europe: in the Skagerrak
Sea, in the Bornholm and in the Gotland Deeps (HELCOM,
1994; 1996) (Fig. 1). The deposition of chemical munition in the
Skagerrak Sea may be called “concentrated” because it comes
from sunken ships with munitions. The depositions in the
Bornholm and Gotland Deeps are of “scattered” type because
aircraft bombs, artillery shells and special containers (reels)
were sunken by the “scatter” method. The “concentrated” and the
“scattered” depositions are detected by the strong gradient of the

During the summer of 1997 and 1998, two expeditions of
ABIORAS to the Skagerrak Sea (Ilaka, 2004) and seven expe-
ditions to the Bornholm and Gotland Basins of the Baltic Sea
were undertaken (Emelyanov, Kravtsov, Paka, 2000; EmenbsiHos,
Kpasuos, Cniupuponos, [Taka, 2004; Emelyanov, Kravtsov, 2004;
Poi6anxo u ap.,2004).

The report is based on materials of hydrophysical, hydro-
chemical and geological-geochemical researches carried out
aboard on the R/V “Professor Shtokman” during 1997-2007
under the leadership of Dr.V. Paka, as well as on earlier papers
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and reports of other authors (HELCOM Report on Chemical
Munition Dumped in the Baltic Sea, 1994; 1996; Xopoues,
EpmaxoBa, 1994; Bacuibes u ap., 1994; I0¢dur, 1994; Bopucos,
1997; Paka, Spiridonov, 2002; [Taxa, 2004; Psi6anko u zp., 2004).
Swedish, Belgian and Danish scientists also participated in these
expeditions (Paka, Spiridonov, 2002).

The results of the geological-geochemical studies in the
sites where toxic chemical munition (TCM) was dumped in the
Masseskir area (in the Skagerrak Sea), and the Bornholm Basin
of the Baltic Sea have been described in part A and published
earlier (Emelyanov, 2007). The main goal of this article is to con-
tinue part A and describe the geological and geochemical situa-
tion in the Gotland Basin (part B).

Additional material for this paper was obtained during
some expeditions on the R/V “Professor Shtokman” (cruise 76)
and research vessels of AtlantNIRO “Atlantida” and “AtlantNIRO”
(2005-2006) in the Central Baltic, especially in the western part
of the Gotland Basin (mainly in the Swedish fishery zone) du-
ring 2005-2006. Two long sediment cores (303590 and 303610)
were found in the German expedition on the R/V “Poseidon”
(Psd) under the leadership of Prof. Jan Harff.

PART B. THE GOTLAND BASIN

The Gotland Basin consists of the Gotland Deep, which is limited
by the depth contours of 80-90 m, and the surrounding shallow
waters (depths of 0-80 m) (Fig. 2). The Deep itself is divided by
the Dobrynin moraine ridge and the Klints Bank into the lesser
and larger parts — the western area (or the Klints Deep) and the
eastern one (or the Gotland Deep), respectively.

The Gotland Deep, for a better description, was divided by
the author into three parts: Central Gotland, Middle Gotland
and Southern Gotland Deeps. The Central Gotland Deep locat-
ed in the north is the deepest area. It is restricted by the 190 m
depth contour and has a maximum depth of 248 m: its area in
the limits of the 190 m depth contour is equal to 6525 km? The
eastern slope of the Deep is relatively steep (the angle of inclina-
tion is up to 1°-3°) with transverse tectonic and erosion valleys
in places. The western slope is gentler and less interrupted by val-
leys. The Southern Gotland part of the deep we call the “Stupsk

underwater river’s foredelta”. This part is the shallowest in the
Gotland Basin. The depth there is only 90-130 m. In the southern
and the south-western parts the Southern Gotland deep verges
the Stupsk trough (depths of 60-80 m), which connects it with
the Bornholm Deep (Fig.2). The Stupsk trough is the passage
through which the saline waters of the North Sea flow from the
Bornholm Deep into the Gotland Deep. The Middle Gotland part
(or the Deep) is of intermediate depth - it ranges from 120 to
180 m.

In the north, the Gotland depression is separated by the mo-
raine Faro Ridge from the Far6 Deep. The depth of the ridge’s
saddles that join both deeps is 120-126 m.

I. Bottom sediments of the Gotland Deep

Coarse and medium-grained sands with boulders and individ-
ual pebbles, as well as fine-grained sands are deposited in the
Gotland Deep at depths of 50-80 m (Figs.3 and 4). In many
cases, these types of sediments form a thin layer (within 10 cm)
on moraines. Those sediment types are relict, as far as the abra-
sion processes of the ancient coasts and moraine erosion result-
ed in their formation during the Litorina transgression. In the
western part of the Gotland Basin, sands are deposited bathy-
metrically higher by 10-30 m (at depths of 0-50 m) than in
the eastern part. Moraines are commonly found at the bottom
surface at depths of 50-80 m. Occasionally, they are covered by
a sand layer of a thickness of no more than 1 cm (EmenbsHos,
Ipuuenxo, 1999; Ceupusos, Emenbsnos, 2000).

Mud and silt (aleurite) are deposited at depths exceeding
80-100 m (Fig.5), and in the western part of the Gotland
Deep - at a depth of more than 50-60 m. Pelitic (clayey) mud is
found at depths of more than 120-150 m in the eastern part, and
of more than 120-130 m in the western part. One may distin-
guish a few areas of pelitic clayey mud prevalence: (1) the shal-
lowest southern area (the Southern Gotland Deep, depths 95—
130 m), (2) the western area (Klints Deep, depths 105-180 m),
(3) the middle area (the Middle Gotland Deep, depths 130-
170 m), (4) the wide northern area (Central Gotland depres-
sion, depths 170-248 m). All these areas are separated by bands
or spots of coarser mud (silts). The boundary between areas (3)
and (4) passes approximately at 56°55’N.
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Fig. 2. The bathymetric map of the Southern Baltic, where chemical munitions (CM) were dumped. CM — conventional areas, where CM were dumped. A — detailed bathymetric
map of the Southern Gotland Deep. Isobaths each are of 10 m. After Pynenko, Paxesa, 2006. Legend: 7—2 — geological stations (7 —R/V “Shelf” and “Akademik Kurchatov”,
2 - R/V"Poseidon”), 3 - lithological profiles (profiles 2G, 3G, and 16G are published in Emenbatos, 2007), 4 — Parasound profile Al-10 (see Fig. 3)
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Fig. 3. Parasound profile Al-10in the Southern Gotland Deep (for the location see Fig. 2, 4)

3 pav. Zondavimo profiliai Piety Baltijos jdauboje (profiliy linijas Zr. 2 pav., A)

A general case is the exposure of the moraine deposits and
Ancylus clays at the bottom not far from the Dobrynin Ridge. The
Grey Ancylus clays are exposed (or overlapped by a thin layer of
sands or silts of 1-2 cm) at elevated portions of that ridge and at
the Klints bank moraines. Outcrops of grey lacustrine clays are
also characteristic of the margins of the Southern and Central
Gotland Deeps (mainly, between the depth contours of 180 and
210 m), as well as the exposures of the same clays at the saddles of
the Far6 moraine ridge. Silts (usually coarse-grained) are usually
deposited in the form of narrow strips a little higher than the halo-
cline or just below it (usually, fine aleuritic (silty) mud).

The thickness of the marine Holocene sediments (7800 years
BP) varied within 0-700 cm. The minimum thickness (< 1 cm)
was found far from the coasts at depths of 10-80 m at moraine
banks (Emenbsnos, Ipuiierxo, 1999; Emelyanov, 2001). At depths
of 20-80 m, the sediment thickness is 0-10 cm, and in the east-
ern coastal zone (depths 0-30 m) usually varied from 10-50 cm.
The thickness of the mud in the Deep usually varied within
200-400 cm. In the Southern Gotland Deep (in the Stupsk river’s
foredelta) the thickness reaches 400-700 cm (Fig. 4), and at one
site (Psd-330590) it even exceeded this value. This is the great-
est thickness of the marine Holocene mud in the Central Baltic.
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Fig. 4. Lithological profiles (for the location see Fig.2, A). Legend: 7— gravel,
2a — sand with gravel, 2b —sand, 3 — fine-aleuritic mud, 4 — pelitic mud, 5a — ho-
mogenous clay, greyish, 5b — homogenous clay, gray-brown, 6a — micro-varved clay,
6b —varved dlay, 7 till, 8 — near-bottom currents (to the N), 9— near-hottom cur-
rents (to the S), 70 — resuspension and redeposition, 77 — internal waves

4 pav. Litologiniai profiliai. Profiliy linijas Zr. 2 pav., A

In the Klints Deep, the sediment thickness reaches
from 50 to 258 cm and in the Central Gotland Deep
it ranges from 100 to 383 cm. In the Klints Deep,
as well as in the Middle Gotland and the Central
Gotland ones, small areas with an increased thick-
ness were also observed along their margins (depths
190-100 m): either at the slope’s foot or at the upper
slope (not far from the saddles of the Firé moraine
ridge and in the lower part of the Klints Deep.

I1. The underwaters of the Stupsk “River’s fore-
delta”

The Stupsk “river’s foredelta” is the most important
area in the Baltic Sea because of the following rea-
sons: 1) there were observed the highest rates of
sedimentation in the areas of the open sea and 2) on
the bottom of this area shells, bombs and containers
with chemical munitions (CM) (about 2000 tons) had
been dispersed (Emelyanov, Paka, Kravtsov, 1999).

Hydrography. The saline (transformed) North Sea
water enters the Gotland Deep from the Bornholm
Basin through the latitudinally oriented Stupsk
Trough (Fig. 2). The depth of this trench is 70-80 m,
and the height of its banks (slopes) ranges from 20 to
30 m. These slopes are composed either of moraine
or of overlying sands. Sand also covers the trench
floor, and coarse aleurite occurs in its lows (depres-
sions). This points to periodic bottom currents in the
trench with a velocity of 100-150 cm/s.

Therefore, the southern slope of the Stupsk
trench composed of moraine with erosion features
is washed by currents with a velocity not less than
50-70 cm/s. Judging by the presence of two nar-
row valleys (with relative depths of 3-10 m) at the
eastern end of the floor of the Stupsk trench, saline
water flows out of the trench into the Southern
Gotland Deep in two streams: strong northwestern
and weak southeastern (EmenbsHoB, Tpuienko,
1999; Emenbsnos, Ipuiienko, Eropmxun, 2004).
Because of the deep extension, as compared with the
Stupsk trench, the current loses its velocity (hydro-
dynamic barrier) and starts to unload sand, aleurite
and, later pelite. This foredelta of the “underwater”
Stupsk River is unusual. The pelite-sized material
transported via the right (southern) branch of the
Stupsk trench is also discharged into this foredel-
ta (settling basin). It reaches the branch from the
Polish-Lithuanian side, where the main unloading
of the sedimentary material from the currents oc-
curs, including particles of < 0.001 mm.

At a depth of 75-80 m, at the Stupsk “river’s”
mouth, there is no mud (Figs. 3 and 4) - it begins to
deposit at a depth of 80-90 m on the hard moraine
substrate. The thickness of the marine mud here is
about 10-100 cm. However, at a distance of 10-20
miles from the mouth of the Stupsk trench, the thick-
ness increases up to 400 cm, and in some small areas
it attains 600 cm or even more than 730 cm (Fig. 6).



14 Emelyan M. Emelyanov

iyt
g4
L
D

NPT
\..'\_

6
A

LI

o

'
b
1.&"'-
i

D

1 E f Tl {with @ B oover of sasd and Clayey (pefitich mud {*M% of fraction
£ seney 051 mmp

vt
3 7/// Subucputic lowm with a this oover of neces 12 Sapropeliile mud {3=5% Corg)
£ mined sediments {assd-gravel)
"y
4 J\‘h Clayilate Pletuicene of early Holoceneh " lite mod (S-10% O
et e B ' Sl mud (1054 G
- [

Sand, gravel, simes - MnCh (rhodechrosite)

Fig. 5. Bottom sediments of the Gotland

Basin (0—5 cm). The map was compiled by

E. M. Emelyanov (EmenbaHoB, [puueHko, 1999)
5 pav. Gotlando baseino dugno nuosédos

Es Sxtmemiy mrachnd is Fr

Lo -phenpibativ: sndimets

B = -



The geochemical and geoecological situation of the Gotland Basin in the Baltic Sea where chemical munitions were dumped 15

AR-5007, AR-5001, AK-S003, AK-5011, AK-SM5, Psel=50), Sediment types
11%m nNTm 18 m 122 m 128 m 1 m . -|" 1 . y
HE ine-aleuritic mug
H,Sﬂ HS T HS HS B
'E 2 - Aleuro-pelitie mud
g 3 - Pelitie mud
o' Microlaminated
L -'.-'__" : 4 - pelitic mud
-] 5 I Croy homogenous clay
o ey a b (Y +Anch
Mm T .E = £
e £ E ¢ Il 5rown homogenous clay
E = wy = =5
© a0 | = = -E.‘ g E 7 - Varved clay (BIL)
i) = g = =
- - -~ 2 s HE Microvarved clay (BIL)
@ 2138 em = - = =
& . Mm ¥ > 2 g o g
=k
» 300 250 cm Mm = = 10 = | nydroititic nests and spots
= =
a Ane :,, -:;' 1 II' Muollusks shells
= + Mm g
Y = 12 - fish debris
=
400 407 cm :" 13 II' = shell remnants { Macoma calcarea)
BIL
g 14 [——] Basm (sandy) limit (hintus)
446 em 474 em
482 cm
s00 M
Ane
o e gy BT e
£94 ¢m asY .
618 em

Fig. 6. The thickness of the Litorina and Postlitorina mud in six cores of profile A-A
(see cut-in on Fig. 2), Slupsk “underwater river’s foredelta”. Mm — microlaminated mud
6 pav. Litorinos ir Postlitorinos dumblo storis SeSiuose A—A profilio greZiniuose
(zr.2 pav., A)

This is the greatest thickness of the marine Holocene mud (Hl, 5)
in the entire Gotland Deep.

The upper sediment layer (0-10 cm) in the Gotland Deep
is self-represented by semiliquid (water content 70-85%), re-
duced, dark greenish-grey mud (Tables 1 and 2). Below 10 cm,
the water content somewhat decreases (to 60%) and the mud
becomes soft and plastic, but the colour remains the same — dark
greenish-grey, with black hydrotroilitic spots or interbeds in
places. The redox potential Eh is usually negative, up to -200 mV.
The mud is well saturated with gas, mainly methane (NH,), and
contains free H,S (Table 1). Craters of mud volcanoes or pock-
marks, appearing as significant hollows in the bottom surface,
occur at the sites of gas seepages. Within the mud field of the
Stupsk River’s foredelta, the number of those craters is more
than 300 (braxuumm u gp., 1990). The pockmarks are valley-
like and sinuous in shape. The length of some pockmarks is up to
5-20 km; they are 50-100 m in width and 1-5 m in depth (from
the bottom surface). The gas flux from such pockmarks into
the bottom water is very high.

The mud contains from 1.60% to 2.96% Coy,. Moreover,
high Cy is traced throughout the sequence of the marine mud
(Table 2). Along with the organic matter, mud is enriched with
N and on the average contains 0.10% P, which is 1.5 times more
than the marine mud from the Gdansk basin. The sediments of
the southern Gotland deep are characterized by mean (Clarke)

Mm
T em
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&

Y

concentrations of reduced mud of the Baltic of Fe, Mn, Ti, K, Na
and Mg, of trace elements Ba, V, Sn, Cr, Li, Rb, Z, and some-
what by an increased average contents of Zn, Cu, Ni, and Co
(Table 2).

However, the presence of sapropel-like laminated mud in
many cores of the southern Gotland Deep, usually forming in
periodically stagnating deeps, allows us to assume that hydro-
gen sulfide has been appearing periodically in the bottom water
of local depressions within these deeps.

A distinguishing feature for the mud of the underwater
Stupsk River’s foredelta are pillow-like forms (clinoforms) com-
posed of mud, that have been caused by the effects of a near-
bottom contour current (Fig. 7). To the left of the bottom cur-
rent stream, suspended matter from the flow occurs; under the
current and to the right of it, an erosion of moraine occur, how-
ever, no deposition of sediments take place.

For the palaeoreconstruction of the near-bottom currents
below the halocline level in the Gotland Deep we used the
surficial sediment map (Fig.5) and the bottom relief (Fig.2)
and lithological profiles (Emenbsinos, 2007). Therefore, in
order to evaluate them near the bottom, one author used a
theoretical graph (Postma, 1967). According to this graph, a
consolidated clay, here represented by moraine with a water
content of less than 50%, is washed away at velocities not less
than 80-100 cm/s. Unconsolidated clay, represented by the
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Table 1. Lithology of the terrigenous sediments of the “underwater Stupsk river's foredelta’; the Baltic Sea
1 lentelé. Baltijos Slupsko povandeninés upés priekinés deltos terigeniniy nuoguly litologija

Horizon, Sediment type W, % Age R. of
cm Horizon Index sed., mm.y™'
Station AK-5000, depth. 119 m, 55°55'2 N, 18°44'1 E
0-3 Pelitic mud dark grey 77.9 Hl; SA -
50-55 The same 759 Hl; SA 0.22
Station AK-5001, depth. 117 m, 55°53'9 N, 18°44'4 E
0-3 Pelitic mud, brownish-grey with H,S 77.9 Hl; SA 0.44
50-55 The same, dark grey 759 “ SA 0.44
100-105 The same, with weak microlayers - “ SA 0.44
200-205 The same, with patchines of hydrotroilite 69.1 Hls SB 0.01
250-255 The same, weakly microlayered 64.7 “ " 0.01
300-305 The same, microlayered 33.1 HI, At 0.35
290-298 The same, light white, with blue shade - HI, At 0.35
400-405 Pelitic mud - HI; - 0.35
421-425 Till - Plt - -
Station AK-5002, depth.118 m, 55°57°2 N, 18°40'7 E.

0-5 Pelitic mud, black, with H,S >75 Hl,3 - 0.68
300-305 The same, greenish-grey 58.9 HI-5 - 0.68
530-535 Aleuro-pelitic mud, microlayered 56.5 Hl,3 - 0.68
650-655 Homogenous clay, with sulphides 58.4 Hly - -

Station AK-5002-2, depth. 118 m, 55°53'9 N, 18°44'4 E
0-3 Pelitic mud, darky-grey, with the brownish shade, with H,S 75.6 Hls SA 0.47
80-85 Aleuro-pelitic mud, microlayered, grey, with H,S 70.1 Hl,5 - 0.47
245-250 The same 67.4 « - 0.47
260-265 Aleuro-pelitic mud, microlayered, with H,S 57.1 « - 0.47
355-370 Pelitic mud, grey - 0.47
395-400 Clay, grey, with hydrotroilite 60.8 Hly - -
498-570 Till, with pebble and gravel 374 Plt - -

W — moisture, R. of sed. — rate of sedimentation.

Ancylus and Yoldia clays, with a water content of about 70%, is
washed away at a velocity of 60-70 cm/s. However, loose clays
with a water content of about 80% represented by the Litorina
mud, are washed away at velocities of approximately 50 cm/s.
Likewise, the transportation of particles of a size of about 1 ym
occurs when the velocity is about 10-15 cm/s; for particles of
5 um (the velocity is 15-20 cm/s and for those of 10 pum it is
25-30 cm/s (EmenbsHoB, [putienko, 1999).

The hydrodynamic conditions in the muddy part of the
Stupsk River’s foredelta are rather active. Numerous erosion
channels occur on the mud field surface. Many mud volcanic cra-
ters are oriented southwest to northeast, i. e. in the direction of
the bottom current (braxunmus u fip, 1990). At the bottom of
the foredelta, there is an almost constant, well-expressed light
dispersion layer related to an increased suspended matter con-
tent near the bottom. At test area III AK-44 (depth 110-130 m)
located in the eastern part of the foredelta of the Stupsk River,
stagnation phenomena at the bottom was not observed in July-
August of 1986 and 1994 (Fig. 8). The bottom water commonly
contained oxygen. The evidence for this is a brown (oxidized)
film on the mud surface, despite the fact that under the film
(likely several millimeters thick), black mud contain free H,S.
Intense fluxes (PomankeBn4, EMenbsauos, bobsimeBa, 1990), of
methane, hydrogen sulfide, and, likely, phosphorus, manganese
(Mn?*) iron (Fe?*) and trace elements from fresh and porous,

organic-rich mud of the foredelta (of pockmarks craters) are
dispersed into the bottom water and transported by the bottom
current further down, firstly, to the Mid-Gotland Deep, then,
to the Central Gotland Deep. Since the reducing conditions are
constantly preserved in the mud of foredelta, the flux of gas,
biogenic components and metals from the interstitial waters
of the mud into the bottom water does not cease. Therefore, the
mud of the foredelta constantly deplets in elements unable to
form authigenic minerals in the given physicochemical situ-
ation. First of all, this concerns nitrogen, manganese and to a
lesser degree, Ba, Ni, Mo and some other trace elements.

It is significant that the conditions of sedimentation in the
foredelta have changed during the Litorina stage (7800 years
BP), as evidenced by the presence of thinly laminated mud,
although the lamination is not distinct in some cases. Thin
laminae consist of brown sapropelic material and clayey mud.
This diffusely laminated mud contains up to 1.20% Mn! As
mobile Mn** is practically absent in the mud, we can draw a
conclusion that all mobile manganese is present in the form of
Mn?* and forms amorphous manganese carbonate, transform-
ing into rhodochrosite (Emenbsanos, 1981). The reason for the
formation of the laminated mud most probably is that it is due
to the periodic inflow of the water of the saline North Sea into
the Gotland Deep. Some micro-layers, obviously, have annual
cyclic recurrence.
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Table 2. The content of the chemical composition of the terrigenous sediment of the “underwater Stupsk river’s” foredelta, Baltic Sea (CaC0;—Na —in %, Rb—Zr in 10~)
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* nd — not determined. In the horizons 0-3 and 5055 cm (core AK-5000) were measured: V — 120 and 120; Ba — 370 and 370; Zr — 240 and 450.

*2For the sediment types and coordinates see Table 1.

The underwater Stupsk River is the main
mechanism of sedimentary material delivery
to the Southern Gotland Deep, bringing sus-
pended material from the Bornholm Deep
and, in addition, material derived from Polish
and southern Swedish shores, as well as prod-
ucts from bottom erosion of the Stupsk Trench
floor and slopes. All these materials (including
possible pollution components) precipitate in
the foredelta of the underwater Stupsk River.
Thus, the underwater Stupsk River, together
with its foredelta, is unique in the entire Baltic
sedimentary system. In terms of the volume of
the supplied and accumulated material, it is
comparable to the sedimentary system of the
Neman River.

THE DISTRIBUTION OF BIOGENIC
COMPONENTS AND ELEMENTS IN
THE SURFACE SEDIMENTS (0-5 cm)

In the sediments of the Central Baltic and its
gulfs and bays the following maximum contents
of components and elements are found: Ci
13.03% (in the Puck Bay, Gdansk Basin - up to
20-25%), N 1.24%; P 0.67%, SiOzm 8.92%,
CaCOs; 52.8%, Fe 12.70%, and Mn 12.86%
(Emelyanov, 1995). In some cases, these maxi-
ma occur in the upper sediment layer (0-5 cm)
and sometimes in other sediment strata.
However, practically in all the cases studied,
the content of Cor, N and P, sometimes SiOzam,
biogenic CaCO; as well as Fe and Mn in the
bottom sediments in the Baltic Sea' are en-
riched as compared with their average contents
in clays and shale of the contents or hemi-pe-
lagic mud of the margins of the Atlantic Ocean
(EmenbsHoB, 1982; Emelyanov, 1995).

The distribution of biogenic components
(CaCO;, Cor, P and N) and chemical major
(Fe,Mn) and minor (toxic) elements in the
sediments are usually largely determined by
their grain-sized composition (Emelyanov,
1995; 2001). The contents of all the stud-
ied components and elements increase in
the succession of sand - coarse silt - fine
silty mud - mud - pelitic mud (Table 3).
This means that the elements in the sedi-
ments are distributed according to fractions
rules (Figs.9 and 10) (EmenbsHoB, 1982;
Emelyanov, 1995). While passing from the
coarse silt to the fine silty mud, or from the
fine silty mud to mud, the contents drasti-
cally changes. This jump results from a sharp
growth of pelitic fraction (< 0.01 mm) in the

! The maps of the distribution of all the mentioned

components and elements are given in Emelyanov,
1995 (The Baltic Sea).
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Fig. 7. Acoustical profiles of sediment strata in the region of the “underwater Stupsk river’s” foredelta in the Southern Gotland Basin (acoustic profiles after bnaxunwmn u gp.,
1990; interpretation after Emelyanov, 2005). A — eastern part of the muddy field; B — western part of the muddy field; € — eastern part of the muddy field.

1,2 and 4 — muddy craters (pockmarks); 3 — muddy bodies; 5 — the surface of the nondeposition of the marine Holocene mud and erosion of the bottom; 6 and 8 — the till
relief; 70 — the slope of the muddy body; 77 and 72 — near-bottom contour currents (n—b. c.). | — normal sedimentation (full stratigraphic section); Il — reduced sedimentation

(Holocene sediments and BIL clay are rewashed and redeposited)

7 pav. Piety Gotlando baseino ,Slupsko povandeninés upés” priekinés deltos nuosédy sluoksniy akustiniai profiliai (bnaxumwut u gp., 1990; interpretacija pagal Emeljanova,
2005). A — dumblo laukai rytinéje dalyje, B — dumblo laukai vakarinéje dalyje, C — dumblo laukai rytinéje dalyje

same succession. The contents of Si02.m, and Coy in the Gotland
Basin increase from sand to aleuro-pelitic mud, and then their
contents in the pelitic mud come to somewhat lower values.
Such distribution of biogenic components and chemical ele-
ments in the sediments of the lagoon and open sea is explained
by a mechanical differentiation of sedimentary material in the
sea. Evidence from microscopic studies in smearslides indicate
that SiO,.nm is represented mainly by siliceous particles of 0.05-
0.005 mm in diameter, while a considerable part of C,, — by
organic detritus, spores and pollen grains of 0.05-0.003 mm in
diameter (Emenbsanos, Pomankesud, 1979). It should be noted
that such particles are commonly concentrated in aleuro-pelit-
ic (silty) mud, rather than in pelitic (clayey) mud. This is why
the maximum average content of SiOum and Cor in the Gdansk
and Gotland Basins occurs in aleuro-pelitic mud, instead of
pelitic mud.

The high factor of enrichment (7.4) of the organic matter
(Corg) in pelitic mud relative to sand causes the distribution of
a very low contents (< 0.5%) in the near-shore (shallow) areas
of the Gotland Basin, and a high content (3-5%) in the central

(deepest) part of the Deep. The highest contents of Cor (5-7%)
are located in some peripheral small areas (near the facts of the
deep slopes), where aleuro-pelitic mud is located. The highiest
content of Cyy (7%) was found in one small area between the
Klints Bank and the Dobrynin morainic ridge (Fig. 2). High con-
tents (3-5%) of Coz were found in the mud of the Stupsk “river’s
foredelta” as well (Emelyanov, 2001).

The enrichment factor of phosphorous (P) in the pelitic
mud relative to sand (1.8, see Table 3) is not so high as com-
pared to that of C,, but it causes low contents of P (< 0.05%)
in the shallow area, and normal contents (0.05-0.07%) below
the isobath 100 m,and hightened contents (0.07-0.10%) in the
Central Gotland Deep (at a depth of 150-220 m). High con-
tents (0.10-0.20%) of P occur in two areas at the deepest part
of the Central Gotland Deep (a depth of 220-248 m) and at the
Stupsk “river’s foredelta” (or depth of 110-130 m).

The refluxes of P from the sediments to the bottom wa-
ter were estimated by applying FicK’s Law of Diftlusion (Hille
et.al,, 2005). A fairly good positive correlation between the
sedimentary P deposition and P release was obtained. P re-
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Fig. 8. Vertical distribution of the hydrochemical parameters and dissolved forms of the transition and heavy metals on station BY in the Gotland Deep in May, 1991 (during
hydrogen sulphide contamination of near-bottom waters) and in August, 1994 (after the inflow of the saline North Sea waters) (Briigmann, Hallberg, Larsson et. al., 1997;

Emenbanos, Kpasuos, 2002)

8 pav. Tranzitiniy bei sunkiyjy metaly istirpinty formy ir hidrocheminiy parametry vertikalus pasiskirstymas Gotlando jdaubos stotyje BY 1991 m. geguze ir 1994 m. rugpjitj

lease from the sediments by diffusion exceeds the net P depo-
sition by a factor of 2. This suggests that 2 / 3 of the deposited
gross P is recycled in the sediments and released back into the
water column; only 1/ 3 remains in the sediment permanents
(Hille et al., 2005).

The content of the most toxic elements (Pb, As, Cd and Hg)
in the sediments of the Gotland Basin is common for the Baltic
Sea (Emelyanov, 1995) (Table 3): the maximal contents of toxic
microelements are: Pb — up to 39, As — up to 77,Cd - up to 4.0
and Hg - up to 0.21 mg/kg.

As it can be seen from Table 3, the factor of the enrichment of
the studied components and elements in the pelitic mud rela-
tive to sand are 1.5-7.4 times as large as that in the sands. The
awareness of the factors governing the distribution of the average

contents in granulometrically different types of sediments made
it noticeably easier to draw maps showing the distribution of the
components and elements over the bottom area even in the re-
gions of insufficient sampling network (Fig. 10).

The maximal content of As is characteristic of those sam-
ples of the mud, in which there are authigenic iron sulphides.
These minerals are good concentrators of As — sulphides con-
tain 270-440 mg/kg of As (Emenbanos, Kpasnos, 2007). As
does not correlate with Fe or with microelements. It does not
correlate with the pelitic fraction (Table 4). There is a week
correlation with Mn (r = 0.22, Table 4). Other toxic microele-
ments (Zn, Cu and Cd) are in good positive correlation with
the fraction of <0.01 mm, and also with Cey, Fe, and Mn
(Table 4).
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The reason of the maximal contents of As (up to 130 ppm)
in some Litorina mud samples of the core Psd-330590 (Table 5),
taken in the conventional area where chemical munitions
were dumped (Fig. 11), is not chemical munition (lewsite or
yperite), but iron sulphides. The iron sulphides are the reason
of a very high content of As in the Ancylus clay, which was de-
posited 8-9 thousands years ago, when there were no chemical
munition in the bottom.

CONCLUSIONS

There are places in the Southern Gotland Deep (a depth of
90-130 m) where there are no Holocene sediments. They are re-
washed and redeposited by strong near-bottom flows of saline
water, which comes to the Gotland Deep from the Stupsk Trough.
There are outcrops of till with a thin cover of sand in these plac-
es. Bombs and shells with poison that have been thrown into the

sea, should be on the hard bottom, and strong bottom currents
should roll them. Outside the rewashed bottom areas there are
active depositions of soft mud, particles of which were brought
and deposited from the Stupsk near-bottom current. The thick-
ness of the Litorina mud here is the biggest in whole Gotland
Basin — up to 730 cm (the sedimentation rate is 0.94 mm/y).
Bombs and shells with chemical munition, if they have been
thrown here, should be in the soft muddy strata. However, we did
not find any chemical munitions in the Southern Gotland Deep.
We did neither find any influence of the products of the hydroly-
sis of yperite, or other kinds of CM on the concentration of toxic
elements in the sediments. The chemical composition of the mud
from the dumpsite areas and from other regions is similar.

The main chemical elements in the sediments of the Southern
Gotland Deep are distributed according to the pelitic fraction
(< 0.01 mm) rule: the larger the fraction, the higher the content of
chemical elements. The exception is only As, Hg and sometimes Cd.

Table 3. Extreme and average contents of chemical elements in the bottom sediments of the Central Baltic
3 lentelé. Centrinés Baltijos dugno nuosédy cheminiy elementy kiekiy krastutinés ir vidurkiy reikSmés

Content, g/kg Content, mg/kg
Cog | Fe | Mn Cu [ zn [ Ni | & JCo | As [ cd [ Pb] sn| Hg
Gravel
Min 0.6 5.0 0.2 10 17 16 17 15 1 0.1 5 1.2 0.02
Max 9.2 59.1 12 127 99 131 68 46 9 0.5 16 7.2 0.03
Average 2.2 21.2 0.5 34 53 39 37 23 0.2 8 3.2 0.02
Sand
Min 0.5 35 0.1 7 10 10 15 10 1 0.1 1.7 0.01
Max 10.4 20.5 0.6 67 87 68 59 40 21 0.3 21 3.0 0.18
Average 2.2 8.7 0.2 15 28 25 31 19 3 0.1 8 2.8 0.07
Coarse aleurite
Min 2.7 4.5 0.1 10 20 15 15 10 1 0.1 3 1.0 0.01
Max 25.2 14.5 0.6 25 67 41 56 35 53 0.5 19 3.8 0.12
Average 7.8 9.5 0.2 17 39 26 34 22 8 0.2 9 2.6 0.04
Fine-aleuritic mud
Min 53 9.1 0.1 8 25 16 15 15 1 0.1 5 1.8 0.01
Max 225 244 0.5 40 118 68 78 43 60 1.0 21 43 0.14
Average 1.7 14.8 0.2 21 59 32 35 25 10 0.2 10 29 0.04
Aleuro-pelitic mud
Min 1.7 8.3 0.1 11 50 23 22 16 3 0.1 7 2.0 0.02
Max 38.6 43.2 0.8 64 265 73 86 43 42 0.7 39 6.3 0.14
Average 17.0 30.3 0.3 38 124 43 61 30 9 0.3 15 35 0.07
Pelitic mud
Min 1.1 123 0.2 14 42 26 20 15 3 0.2 6 3.7 0.02
Max 375 66.0 48.0 91 580 105 134 71 77 4.0 32 6.3 0.21
Average 21.8 46.9 4.2 49 219 65 89 42 14 0.7 20 4.3 0.07
Mixt sediments
Min 1.8 5.0 0.1 11 24 16 15 15 1 0.1 3 - 0.02
Max 14.0 39.1 0.5 28 102 39 64 30 15 03 14 - 0.19
Average 6.5 18.1 0.3 19 51 26 35 22 0.2 9 - 0.10
Lakes clay
Min 0.6 9.8 0.3 10 47 25 27 20 2 0.1 5 3.0 0.02
Max 8.9 67.2 0.9 68 183 94 118 51 47 0.7 29 44 0.05
Average 4.3 39.6 0.5 35 110 48 65 33 19 0.4 18 39 0.03
All sediment types (297 samples)

Min 0.5 35 0.1 7 10 10 15 10 1 0.1 2 1.0 0.01
Max 38.6 67.2 48.0 127 580 131 134 71 77 4.0 39 7.2 0.21
Average 9.9 24.1 1.3 29 100 40 52 28 9 0.3 13 3.5 0.06
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Table 4. The pair correlation of chemical elements and fraction < 0.01 mm in the sediments (0—5 cm) of the Central Baltic

4 |entelé. Vidurio Baltijos nuosédy (0-5 cm) cheminiy elementy ir granuliometrinés frakcijos, smulkesnés uz 0,01 mm, poriné koreliacija

. Fraction
Element Gy Fe Mn (] In Ni (r (o As d Pb Sn Hg  |<0.01mm
G 1 0.72 0.23 0.69 0.67 0.64 0.73 0.69 0.18 0.40 0.58 0.53 0.21 0.73
Fe 233 1 0.38 0.79 0.82 0.83 0.89 0.81 0.31 0.51 0.69 0.58 0.12 0.92
Mn 233 233 1 0.36 0.56 0.40 0.29 0.29 0.22 0.61 0.22 0.19 0.07 0.24
Cu 242 233 233 1 0.77 0.74 0.72 0.65 0.20 0.58 0.60 0.44 0.05 0.78
In 233 233 233 233 1 0.81 0.73 0.73 0.31 0.80 0.64 0.58 0.02 0.75
Ni 251 233 233 242 233 1 0.76 0.75 0.29 0.58 0.54 0.39 0.09 0.76
Cr 233 233 233 233 233 233 1 0.79 0.20 0.44 0.67 0.61 0.16 0.84
(o 233 233 233 233 233 233 233 1 0.31 0.45 0.61 0.53 0.07 0.77
As 241 232 232 232 232 241 232 232 1 0.26 0.32 0.19 0.04 0.28
€} 227 227 227 227 227 227 227 227 226 1 0.58 035 | -0.05 | 045
Pb 233 233 233 233 233 233 233 233 232 227 1 043 0.01 0.71
Sn 97 97 97 97 97 97 97 97 97 91 97 1 0.32 0.68
Hg 151 151 151 151 151 151 151 151 150 149 151 80 1 0.10
Fraction <0.01mm | 214 182 182 183 182 192 182 182 191 182 182 77 127 1
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Table 5. The minimal, maximal and average contents of chemical components and elements in the sediments of core Psd-303590, the Stupsk “river’s foredelta”(Corg — Na — in %, Li — As — in ppm)

5 lentelé. Slupsko upés deltos nuosédy Psd-303590 greZinyje cheminiy komponenciy ir elementy minimaliis, maksimalis vidurkiniai kiekiai
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The content of it depends on the presence of authigenic
minerals in the sediments - iron sulphides or iron-man-
ganese nodules or crusts, which are good concentrators
of the toxic elements (up to 450 mg As / kg). Due to the
presence of sulphides in some layers of the Litorina mud
and Ancylus clay, the content of As is the highest — up to
130-131 mg/kg.

The sediments of the Gotland Deep are not contami-
nated with toxic elements (As, Cd, Pb and others).
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GOTLANDO BASEINO BALTIJOS JUROJE, KURIAME
PASKANDINTAS CHEMINIS GINKLAS, GEOCHEMINE
IR GEOEKOLOGINE APLINKA

Santrauka
Skagerako jaros ir Bornholmo jdaubos rajony aplinka buvo aprasyta sio
straipsnio pirmojoje (A) dalyje (Emelyanov, 2007).

Sviediniai, bombos ir konteineriai su nuodingomis medZiagomis
buvo i$barstyti dideléje Gotlando baseino teritorijoje ties Liepojos
uostu (Latvia).

Ginklai buvo i$mesti pietinéje Gotlando jdubos dalyje (90-130 m
gylyje), netoli Slupsko kanalo, i$ kurio sirus Siaurés jiiros vanduo pa-
tenka j Gotlando jduba. Dél sumazéjusio srovés greicio i§ vandens ant
dugno nuséda suspensija, kuri Piety Gotlando jduboje formuoja stam-
by i$nasy kagj; maksimalus jo storis Gotlando jduboje siekia 730 cm.
Sig teigiama nuosédy forma (kiigj) autorius pavadino ,,povandeninés
Slupsko upés* priekine delta.

Priekinés deltos nuosédos, jy granuliometriné ir cheminé sudétys
buvo i$nagrinétos daugelyje éminiy i§ pavirsinio sluoksnio (0-5 cm) ir
nuosédy (9,5 m) kolonéliy. Siuo metu ginkly su nuodingomis medZia-
gomis ant dugno neaptikta.

Cheminiy elementy koncentracija Gotlando jdubos nuosédose
gana jvairi, maksimalios koncentracijos vir$ija minimalias: Zn - 39
kartus, Mn - 416 karty, Fe - 17 karty, As — 77 kartus, kity elemen-
ty — 10-20 karty. Vidutiniy cheminiy elementy koncentracijy pasis-
kirstymas jvairiuose nuosédy tipuose atitinka pelitinés (< 0,01 mm)
frakcijos taisykle: koncentracijos didéja nuo smeélio (Zvirgzdo) iki pe-
litinio dumblo. Pelitinis dumblas turtingesnis uz smélj 3-8 kartus. Si
taisyklé netinka tik arsenui ir gyvsidabriui.

Gotlando jdubos dumblas redukuotas, jo sudétyje apstu hidrotroi-
lito ir laisvo sieros vandenilio (H,S). Tokia redukciné aplinka neleidzia
formuotis oksidiniams autigeniniams mineralams: geleZies-mangano
konkrecijoms (GMK) ir pluteléms, t. y. mikroelementy koncentratams.
Pagal mineraling sudétj Gotlando jdubos smeélis daugiausia yra kvarci-
nis, jame yra mazai Fe ir Mn, kur kas maziau mikroelementy, lyginant
ju vidutinj kiekj visos Gotlando jdubos nuosédy tipuose.

Ir maksimalgs, ir minimalas cheminiy elementy kiekiai Piety Got-
lando jdubos nuosédose mazi, praktiSkai tokie pat, kaip ir visos Baltijos
juros nuosédose. Taigi nuosédos yra $varios, jos neuzterstos masy tyri-
nétais elementais. Cheminio ginklo (daugiausia liuizito, iprito, Klarko I,
Klarko IT ir kt.) hidrolizés produktai, kaip rodo miisy tyrinéjimai, neatsi-
spindi cheminiy elementy (visy pirma As) koncentracijy nuosédose.

Didesnis arseno kiekis dumble priklauso nuo autigeniniy elemen-
ty kiekiy $iose nuogulose — gelezies sulfidy, autigeniniy mangano mi-
neraly: oksidineje aplinkoje - tai geleZies ir mangano konkrecijos bei
plutelés, redukcineje — mangano karbonatai ir geleZies sulfidai. Kuo
daugiau $iy autigeniniy mineraly yra nuosédose, tuo daugiau yra ar-
seno.

Emenpsan M. EMenbsaHoB

TEOXVMIMNYECKAS 1 TEO9KOJIOTMMYECKASA
OLEHKU MECT 3AXOPOHEHM A XMMINMYECKOTO
OPY)KUSA B TOTIAHJICKOM BACCEVIHE
BAJITUVICKOTO MOPA

Peswme

O6cTaHOBKa MeCT 3ax0poHeHus B Mope Ckareppak 1 B BopHXOIbMC-
KOJi BIIafuHe ObUTa paccMOTpeHa B Ipepbinywieli cratbe (Emelyanov,
2007). Xumndeckoe opyxue (XO) B Tornmanackom 6acceitne 65110
BbIOpOIIEHO Ha ITy6uHax 6omee 100 M IpuMepHO Ha TpaBep3e MOPTa

Juenas, JlarBus. CHapsnbL, 60MOBI M KOHTEIHEPBI ¢ OTPAB/IAIOLINMI
BellleCTBaMM BbIOPAChIBAJINCD ,BPYYHYIO, IOSTOMY OHIU PacCeAHBI 0
6O/IBIIION TIOIA/Y M B HACTOsIIIee BPeMsI T0Ka He 0OHapy KeHbI (LNT.
Fig. 11). Mecrom BbI6pocoB XO ABUIach H0XXHaA YacTb ToTIaHACKOI
BraguHsl (ray6unsr 90-130 M), KOTOpas HAXOAUTCS TOJ BIMSHUEM
CUJIBHOTO IPUIOHHOTO TeYeHNs CONEHbIX CeBepPOMOPCKIX BOJ, BHIXO-
mamux B foTnanackyto BnaguHy us Crynckoro sxeno6a. 3gech npovc-
XO[IMT pasrpyska OT HECOMOTO 3TVM Te4eHMeM 0CaJlo4HOr0 MaTepuana
¥ HAKaI/IMBaeTCA KPYIHOE 0CafJ0YHOE TeN0 TUTOPMHOBDIX M/IOB C MAK-
cuMaibHOM i ToT/maHmCcKol BIAfMHBI MOIIHOCTBIO — 730 cM. M3-3a
9TOr0 I’KHAA 4acTh [OTMaH/CKOI BIAJMHBI Ha3BaHA aBTOPOM aBaH-
TeNbTOI ,II0ABORHOI CTyTCKOIT pekn’.

[loHHbIE OCaJKM U MX TPaHy/IOMETPUIECKIIL ¥ XUMUIECKMIT cOCTa-
BbI JIAHHOJ aBaH/IENbThI, a TaK)Ke BCeil [OTNIaH/ICKOI BIaguHbl ObIIN
M3y4eHbl Ha MHOTMX CTAHIVAX, B T. 9. U B ATIMHHBIX KOMOHKaX (9,5 M)
9KCIeANLMY Ha CyfHe ,Poseidon (Tepmanus).

B ocapaxax Tornanackoro 6acceitHa pa3dpoc 3HaYeHMIt 3eMEHTOB
B Pa3HBIX TUIIAX OCA[IKOB OUEeHb Be/UK, I MAKCHMA/IbHbIe COlepKaHIA
IPEeBbIIAIOT MUHUMANbHbIE U1 Zn — B 39 pas, s Mn - B416 pas,ins
Fe - B 17 pas, i1 As — B 77 pas, i1 BceX OCTA/IbHBIX 37IEMEHTOB — B
10-20 pas. PacriperieneHne e cpegHUX COmepKaHUil OONBIIMHCTBA
97IEMEHTOB B 0CaJIKaX Pa3HbIX TUIIOB COOTBETCTBYET IPABIUTY METUTO-
BOIT paKLmy, T. €. OHM MOBBIIIAKTCS OT NECKOB (M IPaBust) K HETUTO-
BbIM 1taM. O6oraleHe nioB 10 CPABHEHMIO C ITeCKaMI JOCTUTAET 3—
8 pas. He mogumHsAeTCcA IpaBuity nemuToBoit ppakuym b As u Hg.
CrnegoBaTenbHO, IETUTOBbIE MBI B OTINYME OT BCEX APYTUX TPAHYIO-
MeTpUYeCKUX TUIIOB ocafKoB llenTpanbHoit BanTuky o6oraiieHst mo
OTHOIIEHNIO K IIeCKaM BCeMM U3YYeHHBIMMU d/eMeHTaMu: (akTop ux
oboraienus B cpefiHeM Korebnercs B mpefenax 1,4 (As) =3,1 (Mn).
Bce mpyrue TUIIBI OCaIKOB, 32 UCKITIOYEHNEM aIeBPUTOBO-IETUTOBBIX
WJIOB, COJIeP)KaT 3HAYMTE/IbHO MEHbIINE KONMUYECTBA 3TIEMEHTOB, YeM
UX CpefiHue cofiepKaHuA B ocafkax Beell LlenTpanbHoit bantuku.

Vst ToTMaHCKOI BIOAIMHBI 0OBIYHO CUIBHO BOCCTAHOBJIEHBI,
OHI COfiepXKaT TUAPOTPOMINT 1 cBoboxHslil H,S, 4To He mosBosser
OKMCHBIM ayTureHHbIM MutepanaM (KMK u fp.) — KoHIeHTpaTopam
MUKPO3/IEMEHTOB 3/iecb HakannuBaTbcA. [leckn Totmanpackoit Baju-
HbI 110 MUHEPAIbHOMY COCTABY AB/AITCA MOJIEBOIIIIATOBO-KBapIie-
BbIMI, OHM cofiep>kaT Mano Fe u Mn u, crieoBaTenbHO, COMYTCTBYIO-
I[IIX MMKPO3/IEMEHTOB.

B 1je/moM, kak aKCTpeMaIbHble, TAK U CPefHIe COfleP>KaHNA XIUMI-
YeCKIX 37IeMeHTOB B ocajikax l0kHo-ToTnan/ckoi BIiaiuHbI IOBOTBHO
HM3KIIe, IPaKTN4ecKU TaKMe JKe, KaK U B 0cafikax Bcell bantuxu. Bee
3TO TOBOPUT O YMCTOTE JOHHBIX 0CA[IKOB banTukm: M3y4eHHBIMY 371e-
MEHTaMU OHY NTPAKTNYeCKU He 3arpsA3HeHbl. BTopoit BbIBOA Kacaercs
BIIVAHNA XMMUYECKOro opyxus. IIpogyKThl ero rupponusa, B 0CHOB-
HOM, JIIOV3UT, [0 MMEIOIMMCS ¥ HAaC JaHHDBIM, He OKa3bIBAIOT OLY-
TUMOTO BIMAHMA Ha KOHLEHTPALMIO M paclpefiefieHre TOKCUYHBIX
97eMeHTOB (B IEPBYIO 04epeib, As) B ocafkax. [IoBblIeHHbIE KOHIIEHT-
pauuu As B uax 00yCIOB/IeHbI HAXOXK/IEHMEM B 3TUX WIAX Cynb(UL0B
JKele3a U, YaCTUYHO, Ay TUTEHHBIX MUHEPanoB Mn: B OKMCIUTETbHON
30He 3TO JKe/e30MapraHileBble KOHKPeLuy 1 KopKu (cofepxaimye o
800-1020 As/KT), B CTarHUPOBAHHOIT — KapOOHATHI MapraHIa.

? B sakmounTtensHoMm oTvete [Helcom 64B] B crincke nponssenenHbix OB
Jliousut ymoMsAHYT B MOC/MENHel CTpoKe ¢ mpuMedanuem: Production
small, but unknown. BecciopHBIMY MCTOYHMKAMI MBIIIbSIKA CIEAYeT
yxaspiBarb Clark I, Clark II, Adamsite, Arsinic oil (cmecn Pffificus
(phenydichloroarsine), Clark I, arsenic trichloride and triphenyl-arsine) -
Bcero 13 Toic. TOHH. VnpuTa nNpousBeneHo 25 ThIC. TOHH.



