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Seawater in the Gulf of Riga is a complicated mixture of freshwater from a large number of rivers
and the inflowing saline waters of the central Baltic Sea. The Daugava River alone gives 65% of freshwater
runoft. In all seasons of the year the concentrations of metals were investigated in water (surface and 1 m
above sediment) and in sediment samples from the Daugava River, the mixing zone and the Gulf of Riga.
Stations were chosen to cover the salinity gradient inside the freshwater plume as well as adjacent waters.

The concentrations of Cu, Zn, Ni, Mn and Fe in water of the Daugava plume zone in the surface
layer and in water 1 m above sediments are different, so are the concentrations of metals distinguished
in the Daugava River, the mixing zone and the Gulf of Riga. The seasonal variability of concentrations
in water is significant for all metals studied. Principal component analysis (PCA) with Varimax rota-
tion of initial factors showed differences among the Daugava River, mixing zone and the Gulf of Riga.
In all seasons there was a significant correlation among the concentrations of Hg, Cd, Pb, Cu, Zn, Ni,
Mn and Fe in sediments, but only in spring the concentrations of metals in sediments correlated with
water salinity and oxygen. The concentrations of metals in water in different zones showed no essential

correlation with the physical-chemical parameters.
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INTRODUCTION

Hydrochemical investigations of the southern part of the Gulf of
Riga have shown that the main characteristic feature of its hy-
drochemical regime is a certain admixture of freshwater from
the inflowing rivers. 82% of freshwater runoff is contributed by
three biggest rivers of Latvia, Daugava, Lielupe, Gauja, falling into
its southern part. The Daugava River alone gives 65% of the run-
off. The plume of the Daugava River with its pollutants is expect-
ed in the south of the gulf (ITactopc, 1988). The Daugava River
originates in the neighboring country Russia and transits waters
from Russia and Belarus; the total catchment area of the river is
87 000 km?. The length of the Daugava River is 1020 km (357 km
in Latvia) and its catchment area in Latvia is 24,700 km?i. e.38.2%
of Latvia’s total surface (Anonymous, 1999).

Water regime in Latvian rivers is characterized by spring
floods and flow water periods in late summer, as well as periodic
summer falls and winter rises in water level. During the spring
floods, the rivers carry about 45-55% of the total annual water
volume. The low water salinity in the Gulf of Riga can be ex-
plained by a relative isolation of the gulf from the Baltic Sea and
arather high river discharge (Berzinsh, 1995).

The salinity of the gulf water varies greatly — from 0.5-2.0 %o in
spring in the surface layers of the shallow zone of the southern dis-
trict to 7.5-7.7 %o in the bottom layers of the Irbe Sound in spring
and summer. In spring, along with the increasing freshwater influx
and the origination of stratification, salinity in the upper layers de-
clines. The salinity is minimum from May to August. In summer and
winter, stratification has been observed, related to salinity increasing
with depth (Matisone, 1974). To find out the water dynamics in the
southern part of the Gulf of Riga and of the admixture processes,
four groups of water have been singled out, differing in salinity and
in relative content of river water: group 1 - strongly refreshed sea
water with salinity up to 3 %o and relative river water content >50%;
group 2 — partly refreshed sea water with salinity 3.0-4.5%o and
relative river water content 50-25%; group 3 - slightly refreshed sea
water with salinity 4.5-5.5%o and relative water content 25-10%;
group 4 - relatively unadmixed sea water with salinity >5.5 %o and
relative river water content <10%.

In this study, our aim was to analyse the levels of Cu, Zn, Ni,
Mn and Fe in water and Hg, Cd, Pb, Cu, Zn, Ni, Mn and Fe in sed-
iments of the Daugava plume zone under different conditions
of physical-chemical parameters, especially salinity in different
seasons of the year.
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Fig. 1. The Gulf of Riga map with investigated area (a) and location of sampling sites
in the Daugava River, mixing zone and in the Gulf of Riga (b)

1 pav. Rygos jlankos Zemélapis su tiriamuoju plotu (a) ir éminiy atrankos vietos
Dauguvos upéje, misrioje zonoje ir Rygos jlankoje (b)

METHODS

Five cruises were conducted in the Daugava plume zone on the
RV “Antonija” during autumn (September 1999), spring (May
2000, April 2003), winter (December 2001) and summer (July
2002). Stations were chosen to cover the salinity gradient in-
side the freshwater plume as well as the adjacent marine waters.
Water and sediment samples were collected at seven stations in
the Daugava River (DG, DG1 and DG2), in the mixing zone (165,
101A) and in the Gulf of Riga (103, 119) (Fig. 1).

The mouth-bed of the Daugava River consists of gravel and
inequigranular sand covered with mud. In the mixing zone, sedi-
ments consist of inequigranular sand. An intensive abrasion had
a strong impact on it. The sediments of the stations of the Gulf of
Riga mainly consisted of mud.

Cd, Pb, Cu, Zn, Ni, Mn and Fe in water and sediment sam-
ples were analysed using a flame Varian AA Spectrophotometer
(model Spektra AA880), while Hg in sediment samples was
analysed using a Flow Injection Mercury System (FIMS-Perkin
Elmer). Blank and standard reference materials were analysed
similarly. Internationally accepted standard samples from
the National Research Council of Canada were used (for ma-
rine sediments: BEST-1, MESS-2 for mercury, HISS-1, MESS-2
for other metals; and for estuarine water: SLEW-2) for quality
control. The error of analysis was estimated to be about 10-5%
(Seisuma, Kulikova, 2002).

By means of Principal Component analysis (PCA) with
Varimax Rotation, several plume zone processes could be identi-
fied, which determine the behaviour of the individual metals in
three different zones.
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RESULTS AND DISCUSSION

In different seasons of 1999-2003, the change in salinity (5.37-
5.74 PSU) was the least in the water of the Gulf of Riga 1 m above
sediment. In surface water, salinity (4.23-5.41 PSU) showed
large fluctuations, and in spring it had the lowest value. Also, in
the mixing zone, salinity changes in water 1 m above sediments
(4.44-5.57 PSU) was less than in surface water (1.58-5.28 PSU),
the lowest value (1.58-1.61 PSU) being found in spring.

All seasons of the year were characterized by an ele-vated
level of marine flow in water of the mouth of the Daugava River
1 m above sediments (3.31-5.27 PSU). In surface water of the
Daugava River there was freshwater (0.08-0.31 PSU) in spring,
but in other seasons there was refreshed seawater with salinity
1.53-3.52 PSU. Spring (May 2000; April 2003) was characterized
by a strongly elevated fresh water flow in the Gulf of Riga. Other
seasons (September 1999; December 2001; July 2002) were
characterized by an elevated level of marine flow in the Daugava
River.

Sediments of the Gulf of Riga (Table) contained the high-
est concentrations of all metals. Sediments of the mixing zone
showed the lowest metal concentrations, because an intensive
abrasion in this area had a strong impact on it. Sediments of the
Daugava River were characterized by an elevated level of metals
in the mouth bed where gravel is covered with mud, and con-
centrations of metals were low in other places where sediment
consist of gravel. Irrespective of the season (spring, summer, au-
tumn, winter), the concentrations of all metals (Hg, Cd, Cu, Zn,
Ni, Pb, Mn, Fe) in sediments of the Daugava River, mixing zone
and the Gulf of Riga preserved typical values for each zone.
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Table. Mean concentrations of metals (mg/kg dry wt) in sediments of the Daugava plume zone (September 1999; May 2000; December 2001; July 2002 and April

2003)
Lentelé. Vidurkiniai metaly kiekiai (mg/kg sausos masés) Dauguvos hidrofronto zonos nuosédose (1999 m. spalis; 2000 m. geguzé; 2001 m. gruodis; 2002 m. liepa,
2003 m/ balandis)
) Hg cd
Station
IX1999 V2000  XII2001 | VII2002 | V2003 IX1999 | V2000 | XI12001 | VII2002 | IV2003
119 0.087 0.072 0.301 0.22 0.045 1.2 1.44 0.729 1.29 1.09
103 0.072 0.061 0.244 0.1 0.27 1.33 1.67 0.702 1.2 0.98
101A 0.067 0.02 0.082 0.05 0.02 0.94 0.33 0.179 0.35 0.304
165 0.045 0.057 0.072 0.07 0.02 0.64 0.73 0.142 0.2 0.211
DG 0.081 0.084 0.193 0.18 0.045 1.11 0.82 0.402 0.98 0.908
DG1 0.068 0.027 0.52 0.37
DG2 0.072 0.054 0.054 0.1 0.2 0.26 0.6 0.174
Station Cu Ni
1X 1999 V 2000 XI12001 VI 2002 1V 2003 1X 1999 V 2000 XI12001 VIl 2002 IV 2003
119 22.67 25.92 33.26 215 25.78 18 16.7 39.33 70 31.86
103 23.33 25.33 2291 224 22.17 13.33 14.13 22.12 319 26.77
101A 7.41 1.6 5.03 4.02 3.57 4.71 1.8 3.73 4.3 4.5
165 4.04 3.53 5.31 3.25 2.22 2.69 2.8 3.24 25 2.56
DG 16 4.47 19.07 184 30.67 5.78 3.55 9.78 16.2 15.08
DG1 159 22.67 54 5.64
DG2 1.07 0.47 6.2 4.28 1.07 1.4 8.3 2.58
Station Pb Zn
1X 1999 V 2000 XI12001 VI 2002 IV 2003 1X 1999 V 2000 XI12001 VIl 2002 1V 2003
119 38.6 34.56 28.7 375 27.25 112 105.1 128.6 109.6 123.6
103 30.6 28 21.73 33.6 22.63 87.3 83.33 73.5 98 105.4
101A 8.01 2 1.91 3.9 1.97 23.2 9.8 11.9 11.2 1.5
165 5.93 5.33 2.29 2.27 1.73 14.1 1.1 10.6 8.8 0.7
DG 13.27 7.78 7.05 1.5 15.68 41 16.27 525 60 88
DG1 8.9 6.24 42 49.7
DG2 1.27 2 2.6 2.01 7.7 7.8 32 2.2
Station Mn Fe
1X 1999 V 2000 XI12001 VI 2002 IV 2003 1X 1999 V 2000 XI12001 VIl 2002 1V 2003
119 1100 1368 1064 2400 1573 20400 20088 32767 33689 28554
103 427 1133 550 2756 3233 17333 16533 22962 27889 24627
101A 343 173 238 165 539 4713 2133 3623 3355 3396
165 89 153 185 113 222 3000 2867 3329 2178 2059
DG 291 173 910 815 1628 7178 4911 10204 14222 16127
DG1 127 729 5333 6658
DG2 49 65 587 288 3000 1867 10689 2959

Cu, Zn, Ni, Mn and Fe concentrations in water differed
depending on zones and seasons (Seisuma, Kulikova, 2002).
Autumn and spring measurements showed the highest changes
(Mn 4.0-47.0 pg/l, Fe 7.8-105.1 pg/l) in water of the mixing
zone. In the river, fluctuations (Mn 29-40 pg/l, Fe 45.7-150.8 pg/
1) were lower, and the lowest were in the gulf (Mn 1.45-4.7ug/l,
Fe 6.2-38.4 pg/l). In spring, high concentrations of Mn and Fe in
water of the mixing zone were due to fresh water flow in the Gulf
of Riga with a low level of salinity.

Cu, Zn, Ni, Mn, and Fe concentrations in water of the Daugava
plume zone in the surface layer and in water 1 m above sedi-
ment are different; so are also the concentrations of metals dis-
tinguished in the Daugava River, the mixing zone and the Gulf of
Riga (Fig. 2). In most cases the concentrations of Zn, Ni, and Mn
were higher in water 1 m above sediment and of Cu in the sur-
face layer. Fe concentration was higher in winter in the surface
layer, but in summer it was higher in water 1 m above sediments.

In summer, the concentrations of Cu, Zn, Fe in water were lower
than in winter, because water organisms (particularly phytoplank-
ton) utilize these metals in their development (Jurkovskis, 2004;
Schoemann et al., 1998). The concentration of Mn was higher in
water of the Gulf of Riga in winter, but in the Daugava River in
summer. Ni concentration was higher in summer.

PCA with Varimax rotation of initial factors showed differ-
ences among the Daugava River, mixing zone and the Gulf of
Riga. Both in autumn (September 1999) and spring (May 2000)
(Seisuma, Kulikova, 2002) there was a very good positive corre-
lation (r = 0.9-1.0) among Cu, Zn, Mn and Fe in the sediments.
In spring, there was a good correlation among metals (Cu, Zn,
Mn, Fe) and oxygen in water, salinity in the surface layer and
in water 1 m above the sediment. This could illustrate most
likely the importance of oxidation processes. In summer (July
2002) and winter (December 2001), statistical analysis with PCA
showed that Cu, Zn, Cd, Ni, Pb, Mn levels (only in summer), Fe



Behaviour of heavy metals in the Daugava plume zone (1999-2003, Gulf of Riga, the Baltic Sea) 13

07.2002 —
m12.2001

07.2002 | |
m12.2001

07.2002

m12.2001

and Hg (only in winter) in sediment were positively correlated
(Figs. 3,4), while in spring, summer, autumn and winter changes
in salinity, oxygen, pH in water 1 m above the sediments were
insignificant, and the concentrations of metals in sediments
were determined mainly by the type of sediment and the site of
their occurrence.

In the surface layer of water, salinity showed essential differ-
ences in all seasons of the year. In spring (May 2000), autumn
(September 1999) (Seisuma, Kulikova, 2002) and summer (July
2002) (Figs.5, 6) metals of natural origin (Mn, Fe) showed a
good correlation in water. An intensive freshwater flow from the
Daugava increased Mn concentrations 4-7 times and of Fe 12
times in water of the mixing zone.
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Fig. 2. Concentrations of Cu, Zn, Ni, Mn and Fe (pg/l) in water of the Daugava plume
zone (December 2001 and July 2002; s — surface water, a — 1 m above sediments)

2 pav. Cu, Zn, Ni, Mn ir Fe kiekiai (ug/1) Dauguvos hidrofronto zonos vandenyje (2001
m. gruodis ir 2002 m. liepa; s — pavir3inis vanduo, a — metras vir$ nuosédy)

Higher concentrations of total Mn and Fe in the river water were
most probably due to the resuspension of fine bottom sediment
fractions, similarly to the Scheldt estuary (Baeyens et al., 1998). The
bottom sediments are eroded by the spring flood tidal current.

CONCLUSIONS

Irrespective of salinity and other physical-chemical parameters
in different seasons, Hg, Cd, Cu, Zn, Ni, Pb, Mn and Fe concentra-
tions in sediments of the Daugava River, the mixing zone and the
Gulf of Riga maintain amplitudes characteristic of each zone.
The concentrations of Cu, Zn, Ni, Mn and Fe in water of the
Daugava plume zone in the surface layer and in water 1 m above
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Fig. 3. Correlation for variables of metals in sediments (December 2001)
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Fig. 5. Correlation for variables of metals and PSU, pH, T°, 0, in water (December
2001)

5 pav. Kintamyjy metaly kiekiy ir PSU, pH, 0, vandenyje koreliacija (2001 m. gruodis)

sediment are different in all seasons of the year, so are the con-
centrations of metals distinguished in the Daugava River, the
mixing zone and the Gulf of Riga.

There were significant correlations among Hg, Cd, Pb, Cu, Zn,
Ni, Mn and Fe concentrations in sediments, but only in spring
the concentrations of metals in sediments correlated with salin-
ity and oxygen in water.

Only metals of natural origin (Mn, Fe) show a good correla-
tion in water. The concentrations of metals in water in different

zones had no essential correlation with the physical-chemical
parameters.
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Fig. 4. Correlation for variables of metals in sediments (July 2002)
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Fig. 6. Correlation for variables of metals and PSU, pH, T, 0, in water (July 2002)
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SUNKIUJU METALU REAKCIJA DAUGUVOS UPES
HIDROFRONTE (1999-2003, RYGOS JLANKA, BALTIJOS
JURA)

Santrauka

Aprasomi Hg, Cd, Pb, Cu, Zn, Ni, Mn ir Fe reakcijos Dauguvos upéje,
maiSymosi zonoje ir Rygos jlankoje tyrimai. Cu, Zn, Ni, Mn ir Fe kiekiai
vir§utiniame vandens sluoksnyje ir vandenyje per metra nuo Dauguvos
hidrofronto grunto, taip pat Dauguvos upés, mai§ymosi zonos ir Rygos
ilankos vandenyje skiriasi. Visy tirty metaly kiekiy sezoniniai pokyc¢iai
vandenyje yra reik§mingi. Pagrindiniy komponen¢iy analizé (PCA) su
varimakso postikiu atskleidé Hg, Cd, Pb, Cu, Zn, Ni, Mn ir Fe kiekiy
grunte reik§minga koreliacija. Vandenyje gerai koreliuoja tik gamtinés
kilmés metalai (Mn, Fe). [vairiy zony vandenyje su fizikiniais ir chemi-
niais parametrais metaly kiekiy koreliacija nereik§minga.

Hg, Cd, Pb, Cu, Zn, Ni, Mn ir Fe kiekiai Dauguvos upés, mai§ymo-
si zonos ir Rygos jlankos grunte nepriklausomai nuo druskingumo ir
fizikiniy bei cheminiy parametry jvairiais sezonais (pavasarj, vasarg,
rudenj, ziema) i8laiko kiekvienai zonai budingas amplitudes.

3unta Cejicyma, Vipuna Kymikxosa

IMOBEJEHME TSDKEBIX METAJIZIOB B
TUOPOPPOHTE PEKU JAYTABA (1999-2003 IT.,
PVDKCKWI 3AJIMB BAJTTUIMCKOI'O MOPS)

Peswome

Uccneposano nosepenne Hg, Cd, Pb, Cu, Zn, Ni, Mn un Fe B peke
Jlayrasa, B 30He cmemmBanuA 1 B Pyokckom sanuse. KoHneHTpanymn
Cu, Zn, Ni, Mn u Fe pasnuyHbl B Bofie BepXHero o u B 1 M Hap
rpyHToM ruapodpoHTa peku [Jayrasa, a Takxe B Bofie peku Jlayrasa,
B 30He cMemmBaHus 1 Pyokckoro 3ammBa. Ce30HHbIE I3BMEHEHUST KOH-
IIeHTPaLMil B BOfe CYIeCTBEHHBI JI/IA BCEX UCCIEOBAHHBIX METAIIOB.
Amnamus rnaBubix komroneHToB (PCA) ¢ porareit Bapumakc mokasarn
CYILLECTBEHHYI0 KOppe/IALuio Mex iy Koutentparusamu Hg, Cd, Pb, Cu,
Zn, Ni, Mn u Fe B rpynrax. B Bofie TonbKo MeTajijIbl TPMPOJHOTO MPO-
ucxoxpenus (Mn, Fe) numeror xopouryio koppernsruio. KoxnenTparmm
METaJI/IOB B BOJIE Pa3HBIX 30H He MMEIOT CYILIeCTBEHHOI KOPPENALNY C
bUBMKO-XUMITIECKIMI [TapaMeTPaMIL.

BHe 3aBICHMOCTH OT COMEHOCTY ¥ (PUBNKO-XMUMIYECKIX [TapaMme-
TPOB B pasHbIe Ce30HBI (BECHA, 1ETO, OCEHb, 3UMa) KoHIeHTpayy Hg,
Cd, Pb, Cu, Zn, Ni, Mn u Fe B rpynTax pexu Jlayrasa, B 30He CMeI-
BaHUA ¥ PIoKcKoro 3anmBa coXpaHAIOT XapaKTepHble aMIINTY/bI IS
KaXKT0l 30HBI.



