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INTEGRAL ASSESSMENT OF POLLUTION IN BOTTOM SEDIMENTS
OF COASTAL AND OPEN-SEA AREAS OF THE BLACK SEA

In 1992 the Ukrainian Research Centre of Marine Ecology (UkrRCME) organized several marine expeditions to the
northern Black Sea; materials collected during three complex seasonal surveys are used in this work. It was revealed
the main pollutants that make the impotent contribute to the integral level of contamination of the sea. At depths
ranged from 9 to 2195 m pollutants deposited in the sea bed were mainly total petroleum hydrocarbons (TPH), DDT
and its metabolites, and HCCH, the quantities of which were greater than maximum allowable concentrations
(MAC). This fact should be considered when choosing a strategy of toxicological monitoring of the Black Sea for

the purpose to optimize it.
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A large variety of pollutants endanger marine ecosys-
tems; impacts they produce on an integral ecosystem
and on its components should be assessed with in-
volvement of integral environmental characteristics be-
cause water, bottom sediment, particulate matter and
hydrobionts can reliably indicate environmental quality
or wellness [20, 22]. This approach appears more effi-
cient compared to studying distribution of individual
pollutants as the latter depends on appreciable, frequent-
ly conflicting, spatial and temporal fluctuations. We
have already presented results obtained from the inves-
tigation of the toxicological field of the northern Black
Sea in 1992 [4]. Our recent work is the endeavour to
have integrally assessed spatial and seasonal aspects of
sea bed pollution in the northern part of the sea.
Chemical composition of bottom sediment is
formed as particulate matter from the sea water is ad-
sorbed by the bottom substrate and organisms and then
deposited. The suspension consists of diverse autoch-
thonous and allochthonous organic compounds and tox-
ic heavy metals both of natural and anthropogenic
origin. Accumulating in bottom sediment, pollutants and
toxicants provoke secondary pollution of the sea; the
accumulation develops most intensively in highly dy-
namic seawater areas, primarily in coastal and, proba-
bly, in convergence zones. Many publications focused
on sea-bed pollution in Black Sea bays [2, 10, 19], on
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the northwestern shelf [5, 11, 14, 23], in seawater areas
of large ports, estuaries and straits [9, 20, 24], in coastal
and deep-water zones of the northern Black Sea [3, 14,
17]. These evidences, obtained in different seawater ar-
eas, in different years, about different pollutants, are of-
ten inconsistent that makes their integral interpretation
difficult.

Materials and Methods. Estimates measured
during four seasonal surveys in the northern Black Sea
were used in computations underpinning this paper.
Measurements of pollutants in the sea water and in bot-
tom sediments were made during the 60" and 61% expe-
ditions on the R/V “Georgy Ushakov” (March and May,
1992) and during the 57" and 58™ expeditions on the
R/V “Emnst Krenkel” (July and September, 1992)
launched by UkrRCME [18]; samples were collected in
conformity with the uniform map of sampling stations
(Fig. 1).

In these expeditions, researchers from
UKrRCME gathered samples of bottom sediments for
later quantitative determinations of eight heavy metals
(Hg, Zn, Ni, Cu, Pb, Cr, Cd, and Fe), arsenic, total pe-
troleum hydrocarbons (TPH) and chlorine organic pesti-
cides (DDT, DDE, DDD, hexachlorocyclohexane
(HCCH) and polychlorinated biphenyls (PCB).
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Fig. 1 The map of stations at which pollutants
were measured: sts. 23, 35, 55, 81, 93, 96
(March — April, May 1992), sts. 20b, 23, 25, 35,
40, 55, 76, 81, 93, 96 (July, September 1992).
NW, C and E — northwestern, central and eastern
parts of the Black Sea, correspondingly

Puc. 1 Kapra crannuif, Ha KOTOPBIX H3MEPSIIOCH
cozepKaHuE IMOJUIIOTAaHTOB: cT. 23, 35, 55, 81,
93, 96 (mapt — ampens 1992 1.), cr. 20b, 23, 25,
35, 40, 55, 76, 81, 93, 96 (uronb, ceHTIOpH 1992
r.). NW, C u E — cooTBeTcTBeHHO ceBepo-
3alajiHasi, ULCHTpajibHasd W BOCTOYHasd YacCTU

YépHoro mops 2 3

X-ray-fluorescent technique was used in meas-
uring total content of Cr, Cu, Ni, Pb, Zn, and As on
Spectroscope Max-G (Spectron, Russia). Fe was meas-
ured by extraction-activation analysis. Concentrations of
oil hydrocarbons in the bottom sediments were deter-
mined by infrared spectrometry with the employment of
infrared spectrophotometer IR-20 (Germany). Gas-
liquid chromatography was used in the chemical tests of
chlorinated hydrocarbons on a Tsvet-100 device
equipped with chromatographic columns; in the identi-
fication procedure we used a blend of standard o, y-
HCCH solutions, solutions of ‘DDT, ‘DDE, ‘DDD and
Clophen A-50 as a PCB standard. Detailed description
of the methods has been given earlier [3, 14, 17].

Pollution of bottom sediments in the northern
Black Sea within the frontiers of economic zone of for-
mer USSR was assessed in conformity with the interna-
tional standards [16].

Indices of Total Pollution (ITP) and Pollution
Load Index (PLI) [22] were calculated by equations 1 —
3 given below.

Index of total pollution (ITP) was estimated by
equation:

mp-a ©

+—)/N
Clbackgr CNbackgr (1)

where C;...y is the concentration of pollutants; C y packgr
— background concentration of pollutant; N — number
of pollutants.

Bottom sediment pollution was graded based
on /TP index in conformity with Zubov method (Y.Y.
Zubov, the State Oceanographic Institute (GOIN) (Ta-
ble 1) [11, 20].
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Table 1 Pollution of bottom sediments assessed from
ITP values by Zubov method (Y.Y. Zubov, the State
Oceanographic Institute (GOIN) [20]

Tabn. 1 Kpurepun oIeHKH 3arps3HCHHOCTH JOHHBIX
0CaJIKOB B 3aBHCHMOCTH OT 3HAYCHHH MHACKCAa CyMMap-
Horo 3arpsizHenus (MC3) no meroauke 'OUH [20]

Classification
Bottom Index of total pollu-
i tion (ITP
332%?3 Pollution level | 5 bottom(sedianents
(grade)
1 Moderate 0-<1.0
2 Increased 1.0-<1.2
3 High 1.2-<1.4
4 Very high 14-<16
5 Extremely high >1.6

PLI (Pollution Load Index) — was calculated as
geometric mean derived from the sum of pollution fac-
tors:

PLI= {/PFix PF;. . .x PFn @)

where n is the number of pollutants, and PF — pollution
factor.

Pollution factor is index of pollution rate, it is
calculated from equation:

PF=C/C background , @)
where C is actual concentration of the chemical, C pac.
gound — admissible concentration of the chemical. This
index provides classification of environmental quality
by a 10-grade scale. PLI values equal 1.0 or greater are
characteristic of a marine environment hazardous to bio-
ta. Maximal allowable concentrations (MAC) for pollu-
tants in bottom sediments, as European standards pre-
scribe [16], were adopted as background.
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Results and Discussion.  Priority pollu-
tants which have been detected in the sediments
taken from depths ranged from 9 to 2195 m in con-
centrations greater than maximums admissible in
[16] were total petroleum hydrocarbons (TPH),
chlorine organic compounds (DDT and its prod-
ucts, hexachlorocyclohexane (HCCH) and poly-
chlorinated biphenyls (PCB) (Table 2).

Specifying seasonal dynamics of pollutants
deposited on the seabed, we took into considera-
tion seasonal variability of the rivers’ inflow, the
water exchange through the Kerch Strait and the
convergences and downwellings, especially strong
in May and in September, located in the central
part of the sea between the western and the eastern
cyclonic eddies near the Crimea [4, 6].

Measurements of oil hydrocarbons showed
of estimates which corresponded to the maximums
allowable for the shallow northwestern part of the
sea and the Caucasian coastal zone.

Table 2 Priority pollutants in the bottom sediments in
the northern Black Sea in 1992

Tab6un. 2 [peBanupyromue 3arps3HATENN JOHHBIX OTIIO-
JKCHUH CeBEepHOI MOJIOBUHBI YepHOro Mops B pas3iny-
HbIE ce30HBI 1992 1.

Concentration Average Maximal
(% of MAC) concentration| concentration
TPH 235 700
May > DDT 56.5 164
HCCH 56.9 228.2
July TPH 280 800
Cu 28.2 67.8
Hg 19.1 27
TPH 280 800
September SDDT 948 166
HCCH 47.2 131.8

From the Dnieper’s estuary to along the
Crimean shoreline, in the Kerch Strait and in the
deep-water part of the sea the estimates were 2 to 8
times greater than the allowable maximums (Fig.
2A; Tables 2, 3).

B
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Fig.2 Distribution of the annual averages of the priority pollutants in the bottom sediments (% of MAC), 1992. The
absolute values are plotted. A — THC (MAC=50 mg-kg™) by [3], B — DDT and its metabolites (allowable concentra-
tion AC=2.5 ng-g™), C — HCCH (AC=1.1 ng-g™), D — copper (AC=36 ug-g™), E — mercury (AC=0.3 ug-g™)

Puc. 2 Pacnpe)lene}me KOHIIeHTpaIII/Iﬁ MPCBATMPYIOIINX MOJUIFOTAHTOB B HOHHBIX OTJIOXKCHUSAX, OCpe):[HéHHLIX 3a
rox (B % ot [1JIK). Hanecerst aGcomoTHbie 3HaueHns KoHneHTparii. A — HIT (IIK=50 mxrr™) 1o [3], b — J/T u
ero meraGonuToB (HomyctuMas KoHmeHTpamms JIK=2.5 urr’), B — X (JIK=1.1 urrt), T — mens (JK=36

MirT ), 11— pryts (JIK=0.3 Mxrr™)
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Total content of DDT and its

o 3 938393 30 | metabolites were lowest near the eastern
coast and greatest in the northwestern
and deep-water central areas of the sea

b © ~ © ~ o < (Fig. 2B; Tables 2, 3); their maximums

4302914%:: . .

< © & 6 o © < were 1.6 times as large as the pertinent
MAC.

HCCH values were highest in

28I S SBI 2= | coastal locations of the NW Black Sea,
the Crimea and in the large Caucasian

N oo o ports (Fig. 2C; Tables 2, 3); the record-
S A T T oS B ed maximums were 1.6 and 2.3 times
greater than the admissible international
o — < .
o5 o 5 2|33 ®| standards. All over the studied part of
o S o olPoesce :
the sea, copper estimates were never
larger than the corresponding MAC.
< D awee 8 .

0 S < <99 5| According to our records, northwest,
close to the Danube’s estuary, concen-
trations of copper were largest, decreas-

- < T~ L Qoog . ! .

-5 o e T3P =8| ing towards the western Crimea (Fig.

2D; Tables 2, 3). In the southeastern ar-

oo N @ —lholo m ea mercury mw:Bma.m were high, but not
larger than MAC; in the central deep-
sea part and in the ports of the Caucasus

0L 288 88~38| the values decreased (Fig. 2E; Tables 2,
3).

o9 - 80 08D~ In all samples collected during

S 2 S S|2/8S 2| the named series of expeditions, concen-
trations of other heavy metals did not

- <09 oyl o exceed MAC  (Tables 2, 3).

© ¥ oo | Noteworthily, cadmium, nearly evenly
distributed over the investigated part of
the sea, was always within the allowable
w98 8gee limits but, unlike other heavy metals,
T AN S8 g EE showed estimates greater than the aver-
m W M age maB_.mm_c_m for soils .EB (Table 3).
< g5 The main anthropogenic sources of
< ~ cadmium in a sea include mining and
metallurgical enterprises, and
= . _ | Wastewater. In industry cadmium is
W mm mainly used as a stabilizer for polyvinyl
m m AMn ,mm chloride, pigment for plastics and glass,
S 2 2 2 | aswellas in nickel-cadmium batteries.
© - g7
5%
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A significant amount of cadmium enters
the environment from municipal waste containing
end-of-life batteries and plastics. The incineration
of municipal waste leads to the release contained in
plastics cadmium in the atmosphere [21].

V. I. Gubanov with coauth. [7] obtained
larger estimates when measured concentrations of
heavy metals in the upper 2-cm layer of a core tak-
en from 2000 m depth in the centre of the western
cyclonic eddy in 1998; on the time scale it corre-
sponds to intervals from 1998 to 1994 and from
1994 to 1990. In 1998, Cu and Ni were the prevail-
ing pollutants (124 — 172 and 77 — 107 % MAC,
correspondingly), and Zn and Pb, though not larger
than allowable maximums, were an order of mag-
nitude greater than in 1992.

Comparing bottom sediments collected in
the open sea and in some Black Sea bays, it is evi-
dent that in the bays such grave pollutants as petro-
leum hydrocarbons, heavy metals and arsenic usu-
ally far exceed allowable maximums [10, 19]. In

the Sevastopol Bay, concentrations of Cu and Cr
are, correspondingly, 5 and more than 12 times
larger than in the sea bed under the western
halistaze as the records dated 1998 show [10]. In
deep-sea locations, Zn, Ni and Pb were found in
quantities larger than in the bays.

Figure 3 shows the distribution of index of
total pollution (ITP) in the bottom sediments based
on the observations made in different months of
1992. It is evident that the gravest situation (in
September the grade of pollution was extremely
high) was in the central deep-water area (ITP=3) in
which a variety of pollutants have been accumulat-
ing since the industrial age has come to the shores
of the Black Sea, the Sea of Azov and the inflow-
ing rivers. Seasonal dynamics of the pollution can
be closely related to the regional hydrodynamics,
too.

== k) Gy = n

2

I
12

14 18

Fig. 3 Seasonal distribution of values of Index of total pollution (ITP) of bottom deposits in different seasons: in the
Black Sea in 1992 and in the Azov Sea (average values in 2000 — 2008 [8])

Puc. 3 CesonHoe pacmpe/eneHne BeTUINH HHJEKCa CyMMapHOTO 3arpsisHeHus (M C3) MOHHBIX OCaJKOB B Pa3HbIC
ce3onbl: B YepHoMm mMope B 1992 1. u B A3oBckoM Mope (cpeanue 3a 2000 — 2008 rr. [8])
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We suppose that the abnormally high total
concentration of pollutants in the bottom ground
(ITP=1.88) in May could have been due to the
strong convergence field that has formed between
two cyclonic eddies also in May 1992. In July, pol-
lution maximum immigrated into the convergence
zone between two cyclonic vortices in the eastern
part of the investigated seawater area [6, 4].

Comparison of the seasonal dynamics we
have derived from ITP values determined in the
Black Sea in 1992 (Fig. 3) and the pertinent results
for the Sea of Azov [8] shows that in the shallow
Sea of Azov the level of total pollution assessed
for 2000 — 2008 was considerably lesser.

As Figures 3 and 4 shows, estimates of
pollution load index (PLI) and ITP obtained in dif-
ferent months of 1992 distribute similarly. Based
on the data of a survey carried out in September,

March

46+

—
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PLI values were highest (PLI =1.57) in the central
deep-sea area.

Knowing about mosaic character of pollu-
tion in the sea bed, we have traced the distribution
of ITP and PLI by plotting their estimates derived
from the annual averages of the priority pollutants
concentrations (Fig. 5). By applying integral char-
acteristics, we have made zonation of the integral
investigated area, thereby visualizing the grade of
pollution. In the central deep-water area critical es-
timates were registered at st. 35 (ITP =1.62 and
PLI=0.96) and at st. 76 (ITP =2.07 and PLI1=0.69);
one of these stations was positioned broadside on
the Kerch Strait and the other against the Danube’s
estuary. These increased values agree with results
of the complex analysis of seawater pollution
based on the expedition records [4].

July

0.36

6

2 X ¥ U B B A4

PLI

1

1.3

1.7 2

Fig. 4 Seasonal distribution of Pollution Load Index (PLI) in the bottom sediments, 1992
Puc. 4 Pacnpenenenue BenndauH uHAEKca ypoBHs 3arpszHenns (PLI) 1oHHBIX ocankoB B pa3zHble ce30HBI 1992 1.
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/TP [

PLI L[ | |

025 05 075 1

Fig. 5 Complex estimation of the spatial distribution year-averaged indexes of contamination of ground sediments in

the Black Sea, 1992.

Puc. 5 KomruiekcHasi origHKa MpOCTPaHCTBEHHOTO paclpe/ieNieHus] CPEHET0I0BbIX HHACKCOB 3arps3HEHUs JOHHBIX

ocaakoB B YepHoMm Mope B 1992 T,

Conclusions. Petroleum products, DDT
and its metabolites, and HCCH, concentrations of
which were greater than admissible maximums,
dominated in the bottom sediments taken from 9 to
2195 m depths of the Black Sea during 1992.

= In 1992, heavy metals measured in bottom
sediments from the shelf zone and the deep-water
part of the sea were within the range prescribed by
the international standards; copper and mercury
prevailed.

= All over the investigated part of the sea cad-
mium, unlike other tested heavy metals, showed
persistently high estimates — above the average
noted for soils. Quasi-uniform distribution of cad-
mium in the bottom grounds suggests anthropogen-
ic origin of the pollution.

= Seasonal dynamics of the degree of bottom
sediment pollution depends not only on seasonal
variations of the rivers’ inflow and the water ex-
change through the Kerch Strait but also on the re-
gional hydrodynamics, i.e. strong convergences
and downwellings.

= Involvement of the integral characteristics
has underlain the discussed zonation of the north-
ern Black Sea and clearly indicated the most en-
dangered localities — stations 35 and 76 in the cen-
tral deep-water part at which ITP and PLI were
evaluated 1.62 and 0.96, and 2.07 and 0.69, corre-

Mopcskuit exonoriunmii xxypaan, Ne 4, T. XlII. 2014

spondingly; the large values of ITP characterize
pollution of the bottom sediments as extremely
high. According to ITP, in 1992, the level of pollu-
tion in the sea bed on the shelf ranged from moder-
ate to increased; like in the deep-sea area, complex
pollution of the bottom deposits was greater than
the relevant estimates measured in the shallow Sea
of Azov during 2000 — 2008.

= In the central deep-water area of the Black
Sea increased ITP estimates were due to high con-
centrations of oil products which, probably, have
accumulated because of the local geomorphology
and low self-purification rate.

=  Thus, we revealed the main pollutants that
make the impotent contribute to the integral level
of contamination of the sea. This fact should be
considered when choosing a strategy of toxicologi-
cal monitoring of the Black Sea for the purpose to
optimize it.
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HNHTerpanbHasi OlleHKa 3arpA3HEHHOCTH JOHHBIX 0CA/IKOB B IPHOPE’KHON U OTKPLITOI YacTsix YepHoro Mopsi.
3. 3. Cambiies, H. U. Munkuna, . I'.  OpJjoBa. VcxoaHbIMU JaHHBIMU IS PaOOTHI MOCTYKUIH PE3yIbTAThI
TpexX KOMIUICKCHBIX CE30HHBIX CheMOK B 1992 romy Ha cymax YKpawmHCKOTO HAay4HOTO IEHTpa 3KOJIOTMH MOps
(YxpHIIOM, Opnecca) B ceBepHOIi monoBuHe YepHOro Mopsi. BrisABIeHBI OCHOBHBIE MOJUTIOTAHTHI, BHOCSIINE HaH-
OONBINMI BKJIAJ B YPOBEHb MHTETPANBHOTO 3arps3HeHHs Mops. [IpeBaMpyomyuMy MOUTIOTAHTAMHU JTOHHBIX OTJIIO-
KCHHUH MOops Ha riryomHax oT 9 10 2195 M, KoHIeHTpamu KoTopsix npesbimana [1/1K, 6pum HedTenpomykrsr HI,
JOJT u ero metabonuts! 1 I XL". 3T0 00CTOATENBCTBO AOIDKHO YUYUTHIBATHECS PH BEIOOPE CTPATErWH TOKCHKOJIOTH-
YEeCKOro MOHUTOpHHTa UepHOTo MOPS C LENIBI0 €0 ONTUMH3ALHH.

KiroueBblie ciioBa: UepHoe Mope, JTOHHBIE OCAIKH, 3arpsA3HEHUE, HHTEIPalbHbIe HHIEKCHI 3aIPA3HEHHOCTH

InTerpajibHa ouniHka 3a0pyAHEHOCTi JIOHHUX BiAKJIaJeHb y npudepe:xHii i Binkpurnii yacrunax YopHoro mo-
pa. E. 3. Camumes, H. /. Minkina, I. T. OpioBa. BuxiTHuMu JaHUMHE 11 pOGOTH TIOCITYKHIH PE3yIbTaTH TPHOX
KOMIUIEKCHIX CE30HHUX 3MOMOK y 1992 pormi Ha cymHax YKpaiHCHKOTO HAyKOBOTO LEHTPY ekourorii Mops (YkpH-
LEM, Opneca) B miBHi4HI# noJ0BHHI YopHOTO MOps. BHABICHO OCHOBHI MOJUTFOTAHTH, IO BHOCATH HAWOLUIBIIE YK-
JIaJICHHS Y PiBE€Hb IHTETPAILHOTO 3a0pyJHEHHS Mopst. IIpeBanrorounMy MOJTIOTAHTAMH JOHHHX BiJKJIAJA€Hb MOPS Ha
rnubuHax Bix 9 10 2195 M, koHreHTpartil skux nepesuntysaia [1JIK, 6ymu napronpoxykru (HIT), AT Ta itoro me-
tabomnit Ta I'’XL[". Lle o6cTaBiHA MOBHHHA BpaXOBYBAaTUCS MPH BHOOPI cTpaTerii TOKCHKOJIOTTYHOTO MOHITOPHHTY
YopHoro Mopsi 3 METOIO HOr0 ONTUMI3allii.

Kuarouosi ciioBa: YopHe Mope, TOHHI BiAKIAACHHS, 3a0pyAHEHHS, IHTETpaIbHI IHACKCH 3a0pyIHEHOCTI
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