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THE EFFECT OF STORAGE ON NUTRIENT CONCENTRATIONS IN 
BALTIC SEA WATER SAMPLES 

Liisa Tuominen 

Finnish Institute of Marine Research 
P.O. Box 33, FIN-00931 Helsinki, Finland 

ABSTRACT 

This study examined the effects of storage at +6 °C and at —18 °C on the nutrient concentrations in 
Baltic Sea water. The samples were taken from coastal areas of the Gulf of Finland. The storage of 
samples at +6 °C caused a significant decrease in the concentration of NH3, PO4  and SiO4, and a sig-
nificant increase in the concentration of NO3. Total nutrients were preserved better. However, in July 
the concentration of TP was affected by a 1-week storage in a refrigerator and TN by a 2-week storage. 
In September, the total nutrient samples were well preserved for 1 month. The PO4, SiO4, TP and TN 
samples were stored frozen in polyethylene bottles for 2 weeks-1 month without changes in concentra-
tions (SiO4  even for 3 months). However, care should be taken if samples are freezed since contra-
dictory findings have been reported in literature. 

Keywords: Sampling, nutrients, samples, preservation, sea water, Baltic Sea, total nutrients 

INTRODUCTION 

Although storage of nutrient samples is not recommended, it is sometimes unavoidable. Due to techni-
cal reasons or piling up of work in the laboratory, nutrient samples have to be stored in a refrigerator 
for the next day. Sometimes the samples are taken far away from the laboratory and are then freezed for 
transport and storage. The storage of water samples for nutrient analysis has been under debate. M. 
Krysell (1997) after compiling a literature review of preservation and storage of nutrient samples con-
cluded that 'a very short summary of the published results would be "Contradiction and Confusion"'. 
Factors such as salinity, concentration, particle content, bottle material and size as well as storage time 
seem to have an effect on the storage of nutrients. Although frozen storage has been recommended for 
ocean samples (eg. Clementson & Wayte 1992, Dore & al. 1996), more problems have been faced with 
waters of low salinity and high particle/algae content (Krysell 1997). 

This study examined the effects of storage at +6 °C and at —18 °C on the nutrient concentrations in 
Baltic Sea water. The samples were taken from coastal areas of the Gulf of Finland in summer when 
the changes during storage can be assumed to be highest due to biological activity. 

MATERIAL AND METHODS 

Sea water samples were collected in June-September 2001 from the coastal areas of the Baltic Sea. 
Samples for the storage test at +6 °C were collected off Loviisa at the depth of 13 m on 25.6.2001 in 
the morning. The samples (16 polyethylene %z-litre bottles) were transported to the laboratory and 7 
replicate bottles were analysed immediately (a few hours after the sampling). The rest of the bottles 
were kept in a refrigerator at +6±2 °C. Four replicate bottles were then analysed for dissolved nutrients 
1, 2 and 3 days later, and for total nutrients 8, 15, 23 and 31 days later. 

In addition, a storage test for total nutrients kept in bottles of different materials was performed later. 
Samples were collected from the shoreline of Vuosaari, Helsinki on 3.9.2001. The water was passed 
through a cellulosa wadding to remove visible particles, and analysed for total nutrients. After that, the 
water sample was divided into 32 polyethylene (PE) 250-milliliter bottles, 32 polyvinylchloride (PVC) 
1/4-liter bottles, and 32 glass 100-m1 autoclave bottles. To the autoclave bottles, the required amount of 
50 ml was portioned out in the beginning so that the oxidation could be performed in the same bottles 
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without transferring the samples. The bottles were stored in a refrigerator at +6±2 °C. The analyses 
from each of the bottle types (four replicates) were performed 1, 2, 3, 4, 10, 18, 25 and 32 days later. 

The samples for the storage test at -18 °C were collected in the Inkoo archipelago on 1.7.2001 at the 
depth of ca. 20 cm. 25 replicate polyethylene 250-milliliter bottles were filled and transported in the 
cool bag to the laboratory the next day. The analyses were done immediately and after a storage time of 
1 week, 2 weeks, 1 month and 3 months at -18±10 °C. 

Nitrite (NO2), nitrate (NO3), phosphate (PO4), silicate (SiO4), total phosphorus (TP) and total nitrogen 
(TN) concentrations were analysed with a Lachat QuickChem 8000 analyser. The methods were based 
on Grasshoff & al. (1999). TP and TN were oxidised simultaneously in alkaline persulphate Ammo-
nium (NH3) was analysed manually by the method of Koroleff (1983). 

The results were statistically analysed with analysis of variance (ANOVA) followed by Dunnett's test 
when significant differences were obtained in ANOVA. The software package used was SAS version 
6.12. 

RESULTS AND DISCUSSION 

The storage of samples at +6 °C caused a significant decrease in the concentration of NH3, PO4  and 
SiO4, and a significant increase in the concentration of NO3  (Table 1). In 1 day, the concentration of 
NH3  dropped 28%, PO4  dropped 23% and NO3  rose 49%. The decrease in SiO4  was minor. It seemed 
that some of NH3  was nitrified to NO3, although this explained only 1/4  of the drop in NH3. In PO4  and 
SiO4, as well as partly in NH3, the reason for the decrease was probably adsorption to the walls of the 
bottles. After 3 days, the concentrations of NH3, NO3, and SiO4  were partly recovered. 

Table 1. The effect of storage of water samples at +6 °C, dissolved nutrients, PE bottles. * = significant 
difference in Dunnett's test when compared to day 0. 

Nutrient 	Day 	 Results 	 Average 	Std 	% of day 0 

NH3 	0 	1.51 	1.50 	1.46 	1.47 

	

1.55 	1.48 	1.47 	 1.49 	0.03 
1 	1.08 	1.00 	1.10 	1.09 	1.07* 	0.05 	72 
2 	1.16 	1.20 	1.17 	1.18 	1.18* 	0.02 	79 
3 	1.29 	1.14 	1.28 	1.23 	1.24* 	0.07 	83 

NO3 	0 	0.21 	0.21 	0.22 	0.21 

	

0.20 	0.22 	0.23 	 0.21 	0.01 
1 	0.31 	0.32 	0.34 	0.31 	0.32* 	0.01 	149 
2 	0.30 	0.31 	0.36 	0.31 	0.32* 	0.03 	149 
3 	0.22 	0.18 	0.23 	0.18 	0.20 	0.03 	95 

NO2 	0 	0.07 	0.07 	0.08 	0.05 

	

0.07 	0.06 	0.08 	 0.07 	0.01 
1 	0.06 	0.07 	0.07 	0.07 	0.07 	0.01 	98 
2 	0.04 	0.06 	0.05 	0.08 	0.06 	0.02 	84 
3 	0.09 	0.08 	0.09 	0.07 	0.08 	0.01 	120 

PO4 	0 	0.16 	0.16 	0.15 	0.16 

	

0.15 	0.17 	0.16 	 0.16 	0.01 
1 	0.12 	0.12 	0.13 	0.12 	0.12* 	0.01 	77 
2 	0.11 	0.12 	0.11 	0.12 	0.12* 	0.01 	73 
3 	0.13 	0.12 	0.12 	0.13 	0.13* 	0.01 	79 

SiO4 	0 	7.2 	7.6 	7.3 	7.5 

	

7.5 	7.3 	7.6 	 7.4 	0.16 
1 	7.2 	7.3 	7.0 	7.1 	7.1* 	0.11 	96 
2 	7.1 	7.3 	7.3 	6.9 	7.1* 	0.17 	96 
3 	7.3 	7.6 	7.5 	7.4 	7.4 	0.15 	100 
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In summer, the concentrations of total nutrients were also affected by the storage at +6 °C in PE bottles 
(Table 2). Especially the concentration of TP decreased (18-29%), even during the first week of stor-
age. TN was preserved better, and no significant change was found at 8 days. Later the de-
crease/increase, although being statistically significant, was within the measurement uncertainty deter-
mined for TN (±14%). 

Table 2. The effect of storage of water samples at +6 °C, total nutrients (PE bottles, July 2001). * = 
significant difference in Dunnett's test when compared to day 0. 

Nutrient 	Day 	 Results 	 Average 	Std 	% of day 0 

	

0 	23.2 	23.1 	23.9 	23.2 	23.4 	0.37 

	

8 	23.3 	22.8 	22.9 	22.5 	22.9 	0.33 	98 

	

15 	21.5 	21.3 	20.8 	20.9 	21.1* 	0.33 	90 

	

23 	20.8 	19.5 	20.2 	19.9 	20.1* 	0.55 	86 

	

31 	25.1 	25.3 	25.1 	24.8 	25.1* 	0.21 	107 

	

0 	0.54 	0.56 	0.60 	0.52 	0.56 	0.03 

	

8 	0.45 	0.44 	0.41 	0.41 	0.43* 	0.02 	77 

	

15 	0.41 	0.48 	0.40 	0.40 	0.42* 	0.04 	76 

	

23 	0.43 	0.50 	0.44 	0.46 	0.46* 	0.03 	82 

	

31 	0.37 	0.38 	0.42 	0.41 	0.40* 	0.02 	71 

When repeating the storage test for total nutrients in September, the results were slightly different. In 
PE bottles, both the TN and TP were well preserved for 1 month (Table 3). Some significant differ-
ences were found for TN, but the recovery percentages were anyhow over 90%. Also in the PVC bot-
tles all the results were within +10% of the results on day 0 (Table 4). The only notable changes were 
found in TP samples preserved in glass autoclave bottles for 25 and 32 days (Table 5). The TP concen-
tration rose steadily during the storage time. The reason for this is unclear since it was supposed that 
the autoclave bottles would act like controls. 

Table 3. The effect of storage of water samples in PE bottles at +6 °C, total nutrients (September 2001). 
* = significant difference in Dunnett's test when compared to day 0. 

Nutrient 	Day 	 Results 	 Average 	Std 	% of day 0 

	

0 	30.7 	30.1 	30.3 	30.4 	30.4 	0.25 

	

1 	31.9 	29.9 	29.5 	29.9 	30.3 	1.08 	100 

	

2 	30.3 	28.8 	30.2 	30.1 	29.9 	0.70 	98 

	

3 	29.6 	29.9 	30.1 	30.7 	30.1 	0.46 	99 

	

4 	29.1 	29.1 	28.6 	29.8 	29.2 	0.49 	96 

	

10 	28.2 	28.1 	27.2 	28.8 	28.1* 	0.66 	92 

	

18 	28.7 	28.6 	28.5 	29.4 	28.8 	0.41 	95 

	

25 	29.5 	27.3 	28.0 	26.2 	27.8* 	1.38 	91 

	

32 	29.0 	32.8 	28.9 	27.7 	29.6 	2.21 	97 

	

0 	0.85 	0.80 	0.78 	0.81 	0.81 	0.03 

	

1 	0.77 	0.75 	0.78 	0.81 	0.78 	0.03 	96 

	

2 	0.72 	0.73 	0.82 	0.69 	0.74 	0.06 	91 

	

3 	0.77 	0.71 	0.78 	0.74 	0.75 	0.03 	93 

	

4 	0.72 	0.64 	0.68 	0.77 	0.70 	0.06 	87 

	

10 	0.77 	0.70 	0.68 	0.81 	0.74 	0.06 	91 

	

18 	0.75 	0.82 	0.76 	0.80 	0.78 	0.03 	97 

	

25 	0.74 	0.82 	0.89 	0.83 	0.82 	0.06 	101 

	

32 	0.99 	0.76 	0.81 	0.94 	0.88 	0.11 	108 
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Table 4. The effect of storage of water samples in PVC bottles at +6 °C, total nutrients (September 
2001). * = significant difference in Dunnett's test when compared to day 0. 

Nutrient 	Day 	 Results 	 Average 	Std 	% of day 0 

	

0 	30.7 	30.1 	30.3 	30.4 	30.4 	0.25 

	

1 	29.7 	29.8 	29.7 	30.2 	29.9 	0.24 	98 

	

2 	30.3 	29.8 	29.5 	29.8 	29.9 	0.33 	98 

	

3 	29.6 	29.4 	29.9 	29.4 	29.6* 	0.24 	97 

	

4 	29.8 	29.5 	29.8 	30.3 	29.8* 	0.21 	98 

	

10 	28.2 	28.7 	28.5 	28.5 	28.5* 	0.21 	94 

	

18 	27.6 	28.6 	28.2 	28.2 	28.2* 	0.41 	93 

	

25 	27.6 	27.2 	27.8 	27.6 	27.6* 	0.25 	91 

	

32 	28.2 	28.5 	28.8 	28.4 	28.5* 	0.25 	94 

	

0 	0.85 	0.80 	0.78 	0.81 	0.81 	0.03 

	

1 	0.74 	0.77 	0.78 	0.81 	0.78 	0.03 	96 

	

2 	0.77 	0.75 	0.79 	0.79 	0.78 	0.02 	96 

	

3 	0.79 	0.77 	0.77 	0.81 	0.79 	0.02 	97 

	

4 	0.75 	0.78 	0.77 	0.79 	0.77 	0.02 	95 

	

10 	0.77 	0.78 	0.76 	0.74 	0.76* 	0.02 	94 

	

18 	0.74 	0.78 	0.75 	0.76 	0.76* 	0.02 	94 

	

25 	0.83 	0.89 	0.82 	0.84 	0.85 	0.03 	104 

	

32 	0.87 	0.87 	0.84 	0.88 	0.87* 	0.02 	107 

Table 5. The effect of storage of water samples in glass autoclave bottles at +6 °C, total nutrients (Sep-
tember 2001). * = significant difference in Dunnett's test when compared to day 0. 

Nutrient 	Day 	 Results 	 Average 	Std 	% of day 0 

TN 	0 	30.7 	30.1 	30.3 	30.4 	30.4 	0.25 

	

1 	30.2 	30.0 	29.8 	29.4 	29.9 	0.34 	98 

	

2 	30.4 	29.8 	30.3 	29.9 	30.0 	0.26 	99 

	

3 	30.9 	30.1 	31.2 	30.2 	30.6 	0.54 	101 

	

4 	31.1 	31.0 	31.7 	31.2 	31.3 	0.31 	103 

	

10 	30.5 	30.0 	29.6 	29.8 	30.0 	0.39 	99 

	

18 	31.3 	31.9 	30.5 	31.4 	31.3 	0.58 	103 

	

25 	29.8 	31.6 	29.5 	29.8 	30.2 	0.96 	99 

	

32 	31.4 	30.0 	30.5 	38.8 	32.7 	4.12 	108 
TP 	0 	0.85 	0.80 	0.78 	0.81 	0.81 	0.03 

	

1 	0.74 	0.69 	0.68 	0.73 	0.71* 	0.03 	88 

	

2 	0.86 	0.76 	0.80 	0.84 	0.82 	0.04 	101 

	

3 	0.83 	0.84 	0.82 	0.81 	0.83 	0.01 	102 

	

4 	0.84 	0.82 	0.86 	0.79 	0.83 	0.03 	102 

	

10 	0.86 	0.89 	0.80 	0.85 	0.85 	0.04 	105 

	

18 	0.97 	0.94 	0.91 	0.93 	0.94* 	0.03 	116 

	

25 	0.95 	0.94 	1.03 	0.92 	0.96* 	0.05 	119 

	

32 	0.96 	0.99 	1.01 	1.04 	1.00* 	0.03 	123 

The nutrient concentrations were less affected by storage in a freezer (Table 6). Unfortunately, the NO3  
concentration in the initial sample was so low that no conclusions can be made. The NI-13  concentration 
was unaffected by a 1-week storage, decreased by a 2-week storage, and increased by a 1-month stor-
age. These changes were, however, not statistically significant due to variation between replicates. The 
NO2  concentration decreased during the storage. The PO4  and TP concentrations were unaffected for 1 
month, as well as TN for 2 weeks, and SiO4  even for 3 months. 
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Table 6. The effect of storage of water samples at -18 °C. * = significant difference in Dunnett's test 
when compared to day 0. 

Nutrient Time Results Average Std % of day 0 

NH3  0 0.87 0.72 0.65 0.60 0.51 0.67 0.14 
1 week 0.34 0.76 0.81 0.55 0.62 0.62 0.19 92 
2 weeks 0.34 0.25 0.49 0.47 0.26 0.36 0.11 54 
1 month 1.62 1.15 0.67 0.75 0.68 0.97 0.41 145 
3 months 0.74 0.57 0.50 0.38 0.61 0.56 0.13 84 

NO3  0 0 0 0.03 0 0.04 0.01 0.02 
1 week 0.12 0.19 0.07 0 0.08 0.09 0.07 657 
2 weeks 0.05 0.02 0.02 0 0.12 0.04 0.05 300 
1 month 0.05 0.10 0.11 0.12 0.21 0.12* 0.06 843 
3 months 0.04 0 0.14 0.07 0.11 0.07 0.06 514 

NO2  0 0.09 0.09 0.08 0.07 0.06 0.08 0.01 
1 week 0.03 0 0.03 0.04 0.03 0.03* 0.02 33 
2 weeks 0 0 0 0 0 0* 0 0 
1 month 0.11 0.07 0.08 0 0.08 0.07 0.04 87 
3 months 0.07 0.04 0.06 0.07 0.06 0.06 0.01 77 

PO4  0 0.12 0.11 0.16 0.15 0.14 0.14 0.02 
1 week 0.18 0.24 0.14 0.10 0.19 0.17 0.05 125 
2 weeks 0.14 0.12 0.12 0.13 0.16 0.13 0.02 99 
1 month 0.15 0.12 0.16 0.09 0.22 0.15 0.05 109 
3 months 0.21 0.14 0.19 0.19 0.22 0.19 0.03 140 

SiO4  0 3.9 3.8 3.9 3.9 3.8 3.8 0.05 
1 week 4.0 4.1 4.1 3.9 3.9 4.0 0.08 104 
2 weeks 3.8 3.8 3.6 3.2 3.8 3.6 0.28 95 
1 month 3.9 3.7 3.6 1.6 3.7 3.3 0.97 86 
3 months 4.2 3.7 4.1 3.9 3.9 4.0 0.19 103 

TN 0 31.7 31.7 31.2 33.9 32.7 32.2 1.08 
1 week 23.9 34.1 38.9 28.5 31.2 31.5 5.55 98 
2 weeks 38.7 33.8 35.0 38.1 35.6 36.2 2.09 112 
1 month 46.1 43.1 38.6 33.6 37.5 39.8* 4.89 123 
3 months 34.7 34.6 35.8 28.0 36.3 33.9 3.37 105 

TP 0 0.67 0.72 0.67 0.78 0.73 0.71 0.05 
1 week 0.56 0.77 0.88 0.70 0.74 0.73 0.12 102 
2 weeks 0.89 0.79 0.81 0.82 0.83 0.83 0.04 116 
1 month 0.83 0.84 0.66 0.70 0.87 0.78 0.09 109 
3 months 1.03 1.22 0.86 0.72 0.84 0.93* 0.19 131 

CONCLUSIONS 

Dissolved nutrients should be analysed as soon as possible after sampling. Even the storage of 1 day in 
a refrigerator caused significant changes in nutrient concentrations. Total nutrients were preserved 
better. However, in July the concentration of TP was affected by a 1-week storage in a refrigerator and 
TN by a 2-week storage. In September, the total nutrient samples were well preserved for 1 month. The 
bottle material had no effect on the results in September. In conclusion, during summer the total nutri-
ent samples should not be stored more than a week, but in other times of the year they may be stored up 
to 1 month. 

The PO4, SiO4, TP and TN samples can be stored frozen in polyethylene bottles for 2 weeks-1 month 
without changes in concentrations (SiO4  even for 3 months). For dissolved nitrogen compounds the 
frozen storage can not be recommended since decrease, or sometimes increase, in concentration is ex-
pected to happen. However if samples are planned to be freezed, tests with the water in question has to 
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be undertaken since e.g. Siat  concentration in interstitial water has been found to be greatly affected 
by freezing (Tallberg & al. 1997). 
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ABSTRACT 

Alkalinity measurements were carried out in 1999 and 2000 on a number of cruises over the whole 
Baltic Sea. Alkalinity-salinity relationships in the surface layer (above the halocline) indicate the effect 
of mixing of the different characteristics of the fresh water river sources, showing the possible use of 
alkalinity as a complementary tracer for hydrodynamic models. Preliminary alkalinity distribution in 
the surface layer, based on a 3-d hydrodynamic model and on river source data, is shown for the Gulf 
of Finland 

Keywords: Hydrography, salinity, alkalinity, Baltic Sea, modelling, hydrodynamic models 

1. INTRODUCTION 

The total alkalinity in sea water is formed as a part of salinity as the sum of all anions of weak acids. In 
ocean waters, variations in alkalinity usually follows very closely the variations in salinity. However, 
the Baltic Sea water is a mixture of oceanic water with a considerable proportion of fresh water from 
rivers. The rivers run off from drainage areas which differ in quality. While the rivers like Odra, 
Vistula, Daugava run on a drainage area with calcareous bedrock, the rivers in the northern side run 
through granite bedrock. Accordingly the northern rivers have a very low carbonate concentration, 
resulting in low alkalinity discharges into the Baltic Sea, while the southern rivers run through soil rich 
in carbonates, resulting in high carbonate concentrations and consequently high alkalinity of the 
discharging waters. In principle this fact could be utilized for using alkalinity as a tracer for water 
masses. Alkalinity as a tracer has thus an edge over the conventional tracer salinity. All fresh water 
sources have zero or very close to zero salinity, making their individual contributions to the sea water 
salinity changes indistinguishable. In the very least, alkalinity could be used for the verification of the 
hydrodynamic models. 

In the Baltic Sea deep water below the halocline, the dissolution of calcium carbonate as a result of the 
decomposition of dead organic debris leads into strong increase of alkalinity. Also the formation of 
hydrogen bisulphide ion HS-  as a result of the sulphate reduction will increase alkalinity. Consequently 
in the Baltic Sea, the tracer characteristics of alkalinity can be used only in the surface layer. 

Alkalinity has been measured in the Baltic Sea water since the early 20th  century (see, e.g. Buch, 1945). 
Salinity and pH values are also available from this period. Recently Olsson (1998) pointed out the 
dependence of alkalinity on the different fresh water sources in the Baltic Sea. Nehring & Rohde 
(1966) and Kremling (1969, 1970, 1972) have also studied earlier the alkalinity-salinity relations in the 
Baltic Sea, but, as pointed out by Olsson (1998), indicate variations and anomalies possibly related 
more with insufficient accuracy than with real phenomena. 

The CO2  system in sea water is controlled by the set of equilibria: 

CO2(g) ,' CO2(aq) 

CO2(aq) + H2O H2CO3  

H2CO3  H+  + HCO3 

HCO3  H+  + C032 
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CaCO3(s) Ca2+  + C032- 

The total alkalinity TA is defined as the sum of all bases that can accept a proton at the carbonic acid 
end-point (Dickson, 1981): 

TA = [HCO3] + 2[C032-] + B[OH)4 ] + [OK] - [H+] + Bases 

The hydroxyl ion is assumed to contain all Mg2+ and Ca2+ hydroxides as well and [H+] contains the 
contribution from the protons bound to the sulphate and fluoride ions. The term `Bases" includes the 
contribution to total alkalinity from the small concentrations from other weak bases: 

Bases = [SiO(OH)3] + [HP042-] + 2[P043-]  + [organics] 

Especially in the Baltic Sea water the contribution from the weak bases like the phosphates and 
silicates should be taken in account. 

Salinity is ordinarily used as the primary tracer of water masses. It has the advantages of being 
conservative and easy to determine with sufficient accuracy, especially in the Baltic Sea with its large 
salinity scale. However, salinity does have the disadvantage of having almost zero value at each fresh 
water input source (river runoff, rain water). Therefore salinity cannot be used to discriminate among 
different freshwater sources. Alkalinity, as one of the parameters related to the marine CO2  system, is 
also conservative (not influenced by biological processes nor carbon dioxide loss or intake). In 
addition, while rain water has zero alkalinity, the different rivers flowing through bedrocks of differing 
types, also differ in their alkalinity. Rivers flowing through the granite bedrock of the Fennoscandian 
shield have an extremely low alkalinity, while rivers flowing through the calcite ground of central 
Europe are high in alkalinity. 

Existing data indicates that while there is a strong correlation between salinity and alkalinity/TCO2, 
this relationship is by no means either simple or constant. Rather the dependency of alkalinity and 
TCO2  on salinity seems to be dependent on the region, indicating the effect of the river runoff 
properties. 

The hydrodynamic models can easily be modified to incorporate alkalinity as a tracer. Thus, given 
appropriate source data, alkalinity can be used to verify the dispersion of river water and improve the 
models. 

From the point of view of hydrodynamic modeling, the Gulf of Finland is of special interest. The 
hydrographic characteristics are very complicated. The eastern end of the Gulf receives an amount of 
fresh river water by far larger than any other part of the Baltic Sea, while the western end is a direct, 
unhindered continuation of the open Baltic Sea (Baltic Proper), leading in a strong east-west salinity 
gradient along the Gulf. The average river Neva flow into the Gulf of Finland is about 2700m3/s 
(roughly 100km3/y). The hydrography is also strongly influenced by the complicated bottom 
topography. The hydrographic features of the Gulf of Finland are described in detail by Alenius & al. 
(1998). Recently, an interesting discontinuity in the water renewal has been detected along the east-
west transect of the Gulf (Andrejev & al., to be published). 

2. SAMPLING AND ANALYSIS 

Sampling was carried out on board the R/V Aranda and the R/V Alexander von Humboldt in the Baltic 
Sea during several cruises in 1999 and 2000. 
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Warnemunde 

Fig. 1 Approximate locations of the observation stations in 2000. 

The samples were analysed for alkalinity immediately on board. A thermostatted sample dispenser was 
used to measure an accurate amount of the sample into the titration vessel, also thermostatted at 25°C. 
In order to increase the accuracy, the dispenser was fitted with separate fill and drain valves for 
flushing. The dispenser unit volume (roughly 50mL) was previously determined by weighing with 
Milli-Q water at 25°C. The 0.025M HC1 solution was made up in NaCI to bring the ionic strength to 
correspond the average sample salinity; either to 0.2M NaC1 for samples in the Baltic Proper area, or to 
0.1M NaC1 for the samples in the Gulf of Finland and the Gulf of Bothnia Repeated measurements 
gave a repeatability of ±2jtmo1/1 for the system. 

The potentiometric titrations were carried out using a Metrohm Titrino 716 instrument. The electrodes 
used to measure the e.m.f. during the titrations was a Metrohm combined pH glass electrode. The 
Nernstian behaviour (slope < ± 1.5 mV) was controlled at least once a day. The output data of E vs. 
Vtifant data was used to calculate the total alkalinity For controlling the performance of the equipment, 
the certified reference material provided by Dr. A. Dickson was used (Scripps Institution of 
Oceanography, San Diego, U.S.A.). It is to be expected that a better accuracy can be obtained using 
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separate work and reference electrodes (see, e.g. Millero & al., 1993), but keeping in mind the large 
scale of alkalinity variations in the Baltic Sea, the commodity of use of the combined electrode was 
preferred. 

The salinity profile was measured with a SeaBird CTD instrument, checked against Guildline 
salinometer readings at two depths. The performance of the salinometer was checked by means of 
IAPSO salinity reference (Ocean Science International, Petersfield, U.K.). 

All analyses were performed on board immediately after sampling. The sampling was carried out in 
1999-2000 on board either the Finnish R/V Aranda or the German R/V Alexander von Humboldt. 
Station positions included in the study are shown in Fig. 1. 

The Dickson program (Dickson & Goyet, 1996) was used for the calculation of the results. In order to 
take in account the brackish water characteristics of the Baltic sea, the DOE program was modified. 
The equations were corrected to carry out calculations at salinities below 5 units by means of the 
equations for the 1st  and 2°̀1  ionisation constants for carbonic acid according to Millero (1995). 
Calculation for the effect of hydrogen sulphide and ammonia was also included in the program using 
the equations presented by Millero (1995). Hydrogen sulphide and ammonia are often present in the 
anoxic deep water layer of the Baltic Sea and ammonia can be found sometimes in considerable 
concentrations also in the surface layer close to discharge areas. Effects of ammonia in total alkalinity 
calculation were, however, negligible. 

3. THE MODEL 

For the Baltic Sea, several hydrodynamic models have been developed. These are all designed to use 
primarily salinity as the tracer. However, as a largely conservative parameter, alkalinity also suits well 
in the testing of these models. In this paper, we use the Data Assimilation System (DAS) (Sokolov & 
al., 1997). In the DAS approach, the hydrodynamic model is coupled to an environment data base 
(BED, the Baltic Environment Database, Wulff & Rahm, 1991) and a three-dimensional hydrodynamic 
model (Andrejev & Sokolov, 1992) as an interpolation tool. For a convenient data input and 
visualization, a Model Support System MSS (Andrejev & al., 2000) was used. 

The numerical model, which was formulated by Andrejev & Sokolov (1989, 1990), is time-dependent, 
free-surface, baroclinic, and three-dimensional hydrodynamic model. Simplifications in the form of the 
hydrostatic approximation, the incompressibility condition, the Laplacian closure hypothesis for sub-
grid scale turbulent mixing, and the traditional f-plane approximation are made. It is furthermore 
assumed that density variations only manifest themselves in the buoyancy terms and elsewhere the 
density is taken to be constant. 

The open boundary of the large-scale model domain is placed in the Kattegatt along latitude 57°35'N. 
The Gulf of Finland model domain has two open boundaries, where the western one coincides with the 
longitude 22°32'E and the southern one coincides with to the latitude 59°05'N. Both models have the 
same vertical resolution. The horizontal resolution of the Baltic Sea is 5 nautical miles and that in the 
Gulf of Finland is 1 nautical mile. For bottom topography we used a standard bathymetry provided by 
Seifert & Kayser (1995). The large-scale Baltic Sea model comprises 18 levels in the vertical with a 
monotonically increasing layer thickness toward the bottom. The depths of the layer interfaces are: 
0 m, 2.5 m, 7.5 m, 12.5 m, 17.5 m, 22.5 m, 27.5 m, 35.0 m, 45.0 m, 55.0 m, 65.0 m, 75.0 m, 85.0 m, 
95.0 m, 105.0 m, 137.5 m, 162.5 m, 187.5 m and the bottom. 

The initial temperature and salinity fields both for the Baltic Sea and Gulf of Finland model were 
constructed using the Data Assimilation System (DAS) (Sokolov & al., 1997), which is coupled to the 
Baltic Environmental Database (BED) (Wulff & Rahm, 1991. The model run was initiated from a 
quiescent state. 

The long-term mean monthly river discharges (Bergström & Carlsson, 1994) are used for the main 
rivers of the gulf (Neva, Narva, Kymi, Keila and Luga). The contributions from other small rivers can 
be added if considered necessary. 
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The kinematic eddy diffusivity coefficients in the horizontal direction is set to be constant at 50 m2/s 
for the Baltic Sea proper and 30 m2/s for the Gulf of Finland, but this coefficient in the vertical 
direction varies with depth, and is made dependent on the local vertical velocity shear and buoyancy 
forces (Kochergin, 1987). 

4. DISCUSSION AND APPLICATION TO HYDRODYNAMIC MODELLING IN THE 
GULF OF FINLAND 

The diagram of the surface layer alkalinity against salinity (Fig. 2) shows that the different sea areas of 
the Baltic Sea al differ in their TA — S relationships. 

TA vs. salinity 

Fig. 2. Total alkalinity vs. salinity in the Baltic Sea surface layer. 

Line a shows the alkalinity in the Baltic Proper, increasing linearly with increasing salinity from the 
northern Baltic Proper towards the Kattegat area. The alkalinities in the Gulf of Finland and in the Gulf 
of Bothnia are close to one another. however, total alkalinity in the Gulf of Bothnia decreases steeper 
than does the line in the Gulf of Finland. The line deviating totally the three other lines represents the 
total alkalinity-salinity behavious in the Riga Bay and the Odra Bay areas. In these areas, the total 
alkalinity increases with decreasing salinity because of the high alkalinity of the incoming river water. 
The observed salinity-alkalinity behaviour in the Baltic Proper is well in accordance with earlier 
findings (e.g. Ohlson 1998). 

As a first attempt to simulate alkalinity distributions, the Gulf of Finland data was subjected to 
hydrodynamic modelling. For this sea area, a nested grid approach has been developed in which a high 
horizontal resolution (1 nautical mile) can be used for the areas of interest. 

A three-dimensional baroclinic prognostic model (Andrejev & Sokolov, 1989, 1990) is applied to study 
the alkalinity distribution in a surface layer of the Gulf of Finland. More than five-year simulation 
(August 1987-November 1992) with realistic meteorological forcing was carried out using a nested grid 
approach, where a large-scale Baltic Sea model was used to generate an open boundary conditions for a 
high-resolution sub-model of the Gulf of Finland. The alkalinity was simulated by advection-diffusion 
equation the same as e.g. salinity equation. The initial alkalinity field was given zero everywhere in the 
area. At river mouths and at open boundary of the Gulf of Finland it was given by typical values. For 
the alkalinities of the inflowing rivers was calculated as fresh water end-members by means of linear 
extrapolation to zero salinity ( Table 1). While the Neva river is by far the most important fresh water 
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source into the Gulf of Finland, the approximate data from smaller rivers Kymi (Finland), Narva and 
Luga (Estonia) were also included in the model calculations. The model has open boundaries to the 
Baltic Proper and the Riga Bay (Fig. 1). 

The starting values for the calculations are as follows (Table 1): 

Table 1. Calculated river water alkalinities as fresh water end-members in the Gulf of Finland. 

River Average flow (m3/s) Alkalinity (µmoUl) 

Neva 2700 700 
Kymi 500 500 
Narva 485 1500 
Luga 44 1500 

The simulation period was given taking into account the renewal time of the gulf water that is about 5 
years in accordance with estimation presented in Andrejev & al., 2001 ( Manuscript). This estimation 
was obtained by running the 3D hydrodynamic model until "original" water (the water that was in the 
gulf at the initial moment) is replaced by the inflowing water from the Baltic proper as well as from the 
rivers. On the other hand this period does not include any major inflows of saline water to the Baltic 
Sea and thus drastic changes in the stratification cannot be considered. 

In Table 2, the observed and calculated salinity and alkalinity results are given for the stations shown in 
Fig. 3. The surface alkalinity and salinity distributions are given in Figs. 4 and 5. 

Table 2. Observed and calculated salinities and alkalinities in the Gulf of Finland at selected stations 
(see Fig. 3). 

Station Observed Salinity Modelled Salinity Observed Alkalinity Modelled Alkalinity 

LL 12 6.12 6.14 1591 1588 
LL9 5.97 5.71 1545 1521 
LL7 5.53 5.49 1437 1405 
LL5 5.22 5.05 1429 1401 

LL3A 4.89 4.64 1382 1355 
F42 4.34 4.20 1297 1298 
F41 3.83 4.03 1215 1295 
F40 3.57 3.69 1166 1166 

Fig. 3. Selected comparison points (see Table 2). 
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Fig. 4. Surface salinity distribution in the Gulf of Finland. 
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Fig. 5. Surface alkalinity distribution in the Gulf of Finland (units µmol/I). 

The alkalinity distribution as described by the hydrodynamic model based on salinity follows closely 
the experimental values. It shows also that the experimentally noted linearity of the alkalinity-salinity 
relationship holds very accurately within a sea area. This is to be expected especially in an area like the 
Gulf of Finland which is overwhelmingly dominated by only two sources — the Neva river discharge 
and the water exchange with the Baltic Proper. 
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TOTAL IRON CONCENTRATION IN WATER AREAS AROUND 
FINLAND IN THE WINTER 2001-2002 

Tiina Ronkainen 

Finnish Institute of Marine Research, P.O. Box 33, FIN-00931 Helsinki, Finland 

ABSTRACT 

The total iron concentration in Baltic Sea water has been measured regularly in three periods, during 
the years 1977-1984, 1991-1995 and the wintertime 2001-2002. 

By the recent results the total iron concentration is mainly 10-40 µg/l through the water column at 
most of the sampling stations. Higher concentrations are found from stations close to industrial cities 
and river estuaries or from near-bottom depths at stations deeper than 100 m. 

The total iron concentration in surface layer has been 10-50 µg/1 at all water areas throughout the 
observation years 1977-2002. At near-bottom depths the total iron concentration has varied between 
20-750 µg/1. In the Gulf of Finland and in the Bothnian Bay the total iron concentration has usually 
been less than 100 µg/l. In the Bothnian Sea, especially at the stations deeper than 70 m, the total iron 
concentration at near-bottom depths has been 100-750 µg/l. 

The comparison through the whole water column with individual results and the average total iron 
concentration show that in the surrounding water areas of Finland the total iron concentration has 
either been at the same level or decreased during the measurement periods. 

A brief experiment with results is presented concerning the influence of sample centrifugation on the 
total iron concentration. 

Keywords: Total iron concentration, surface layer, near-bottom depth, Gulf of Finland, Bothnian Sea, 
Bothnian Bay 

1. INTRODUCTION 

The recent results of total iron concentration in surrounding water areas of Finland were measured 
during yearly winter monitoring cruises on R/V Aranda in December 2001 and in January 2002. The 
aim of these cruises was to take the determination of total iron in Baltic Sea water back in use on R/V 
Aranda by earlier created method "Determination of iron in sea water by UV/VIS-spectrophotometer". 
Also these cruises made it possible to get the latest data concerning total iron concentrations in the 
areas of Bothnian Bay, Bothnian Sea and Gulf of Finland. Sampling stations are detailed in chapter 2. 
The latest results were also compared to earlier measurements that were made during the years 1977-
1984 and 1991-1995. 

In Baltic Sea waters most of the iron is in organic matter and other complexes or as colloidal 
precipitate (Koroleff 1979). Because of that a brief experiment was done to find out what is the 
influence of sample centrifugation on the total iron concentration through the whole water column. 

2. SAMPLING STATIONS 

The winter monitoring cruise in December 2001 focused on chemical determinations of seawater in the 
Bothnian Bay and the Gulf of Finland. In January 2002 the cruise was made to analyse seawater 
samples in the areas of Bothnian Sea and Gulf of Finland. Sampling stations are shown in Fig. 1 and 
they are detailed in Tables 1 and 2. 
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Fig. 1. Sampling stations for total iron determinations during the winter monitoring cruises in December 
2001 and in January 2002. 

3. EXPERIMENTAL 

Samples for iron determinations were taken from nutrient bottles during the winter monitoring cruises. 
They were collected at each sampling station from 10-15 different depths using CTD-rosette and HB-
samplers. Iron samples were mainly taken from four different depths: surface layer from 5 m, right 
below the halocline and two near-bottom depths (bottom — 5 m, bottom — 1 m). In some stations a clear 
halocline was not found and only three samples were collected. 

A 100 ml sample was taken into polyethylene bottles which had been washed with 10 % hydrochloric 
acid before the cruise. Samples were acidified with 1 ml of 4 M sulphuric acid and stored in 
refrigerator. Samples were measured within few days after sampling. 

Determinations of total iron concentrations were basically carried out by the method written by 
Koroleff (1979), which is based on Finnish Standard SFS 3028. Slight changes were made concerning 
reagents and standard solutions. The earlier iron measurements were also done by the instructions of 
Koroleff. In Baltic Sea waters most of the iron is found in organic matter and other complexes or as 
colloidal precipitate and only in anoxic conditions iron is already in reactive ion form (Koroleff 1979). 
Because of that the samples were oxidised with potassium persulphate in order to bring iron in the 
solution to the reactive form. After that Fe (III) was reduced with ascorbic acid to Fe (II). Fe (II) forms 
with 2,4,6-tripyridyl-s-triazine (TPTZ) a purple complex Fe (TPTZ)22+ in the pH region 3.5-5.8. The 
absorbance of this complex was measured with UV/VIS-spectrophotometer using 595 nm wavelength, 
air as reference. During the measurements were used SLRS-4 and TMDA 53.2 as certified reference 
materials. 

For the experiment concerning sample centrifugation, two similar samples were collected from two 
different sampling stations from the whole depth scale. Before oxidation the samples were centrifuged 
10 minutes with 2000 rpm speed. After that the uppermost layer of the sample was transferred into 
glass bottle using 5 ml pipette. Otherwise these samples were handled like all the other samples. 
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Table 1. Sampling stations during the winter monitoring cruise in December 2001. 

Sampling 
station 

Latitude Longitude Depth 
(m) 

Sampling 
station 

Latitude Longitude Depth 
(m) 

LL7 59.5101 24.4981 78 RR1 64.5802 21.5176 84 
LL12 59.2901 22.5381 82 RR5 64.5002 23.0977 69 
LL19 58.5284 20.1865 169 RR8 64.4102 24.0477 25 
B01 64.2502 21.5077 83 OUVY10 65.0752 24.3527 25 
B03 64.1812 22.2059 109 Al2 65.1402 23.4877 58 
B06 64.0802 23.0777 34 F2 65.2302 23.2776 91 

I3 65.3202 24.3377 41 

Table 2. Sampling stations during winter monitoring cruise in January 2002. 

Sampling 
station 

Latitude Longitude Depth 
(m) 

Sampling 
Station 

Latitude Longitude Depth 
(m) 

39A 60.0401 24.5881 41 SR1 61.1300 17.2778 32 
LL3A 60.0403 26.1080 68 SR3 61.1100 18.1380 72 
LL5 59.5501 25.3582 70 SR5 61.0500 19.3478 126 
LL7 59.5101 24.4981 78 SR6 61.0301 20.1581 102 
LL9 59.4201 24.0181 69 SR7 61.0501 20.3579 78 
LL11 59.3501 23.1481 68 SR9 61.1001 21.0979 42 
LL12 59.2901 22.5381 82 MS2 62.0700 17.5078 72 
XIV3 60.1219 26.1157 77 MS5 62.0200 18.4978 60 
XV3 60.2304 27.1778 38 MS7 61.5501 19.3781 74 
XVI. 60.1500 27.1482 64 MS9 61.4601 20.3183 101 
GF1 59.4230 24.4093 84 MS11 61.3801 21.1579 40 
GF2 59.5031 25.5141 84 US2 62.5072 18.5332 204 
GF3 59.4722 27.0721 67 US4A 62.3900 19.2941 136 
BEX1 59.5130 23.1600 36 US5B 62.3517 19.5813 214 
BEX4A 59.4079 23.1131 59 US7 62.3601 20.4978 23 
BEX5 59.3750 23.1300 50 IU1 60.4601 20.5080 33 
AJAX1 59.4201 23.1081 60 1U2 60.3501 21.0780 54 
LÄNGDEN 59.4541 23.1391 57 IU3 60.2000 21.0680 48 
F64 60.1134 19.0855 285 IU4 60.1400 21.0880 51 
F67 59.5600 19.4980 205 1U5 60.0349 21.1181 89 

IU6 59.5621 21.1326 120 
1U7 59.4891 21.2020 92 
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4. RESULTS AND DISCUSSION 

4.1 Recent results for total iron 

Altogether 200 samples were measured during December 2001 and January 2002. The samples were 
from 3-4 different depths from over 50 stations in the areas of Gulf of Finland, Bothnian Sea and 
Bothnian Bay. Most of these measurements are collected into column charts shown in Fig. 2a-2h, 
where the results are analysed more detailed in transects. 

Two different reference materials were used during the measurements, SLRS-4 and TMDA 53.2. The 
certified iron concentration was 103 ± 5 µg/1 in SLRS-4 and 336 ± 30 µg/1 in TMDA 53.2. TMDA 53.2 
was diluted in 1:1 with MQ-water before analysing. The recoveries were 95-101 % for SLRS-4 and 
103-109 % for TMDA 53.2. 

The results in figures 2a-2h show that the total iron concentrations are quite the same through the 
water column at most of the stations. The concentrations are mainly varying between 10-40 µg/l. The 
figures indicate that only at some stations a clear halocline was present. In other occasions CTD-graphs 
showed salinity to be almost the same at every depths and only 3 samples were collected. In the Fig. 2a 
two results differ significantly from all the other concentrations. The total iron concentration at station 
LL3A was 208 µg/1 at 67 m depth. At station LL12 the concentration was found to be 110 µg/1 in the 
surface layer during December 2001 but in January 2002 the iron concentration in surface layer was 
less than 10 µg/l. From the other figures it can be seen that at the stations deeper than 70 m the total 
iron concentration usually increase towards the bottom. At SR- and US-transects (Fig. 2c and 2e), at 
the sampling stations deeper than 100 m, are noticed the biggest changes. The CTD-graphs showed an 
evident decrease on oxygen level roughly from 9 m1/1  down to 5 m1/1 for these stations. 

In the Bothnian Bay (Fig. 2g and 2h) the highest total iron concentrations are found at stations I3 and 
OUVY10. Concentrations vary between 70-100 µg/l for surface and near-bottom samples. At RR-
transect the total iron concentration slightly increased when heading from the coast of Sweden towards 
Finland having the maximum concentration at the station RR8. Same sort of results can be found in the 
Bothnian Sea at MS-transect (Fig. 2d). 

As individual results these concentrations are not unexpected because the iron concentrations can vary 
largely at different depths of the station. This can be a consequence of the fact that iron hydroxide sinks 
slowly and is in continuous movement because of the currents of the sea (Koroleff & Tervo 1986). 
Secondly the stations MS11, RR8, OUVY10 and I3 are close to industrial cities and big river estuaries. 
In general, the Baltic Sea acts as a recipient for urban waste originating from the bordering countries, 
which impact can be observed in Baltic sediments (Magnusson & Westerlund 1980). Also river run-off 
has been considered to be an important point source for many elements, noticing that both regional and 
seasonal variations can lead to large differences in the concentrations (Chester & Aston 1976). Thirdly, 
other investigations show that there is oxygen saturation correlation concerning phosphate- and iron 
compounds and pH-regions. The more there is oxygen and the higher the value of pH is, the smaller are 
the total iron and total phosphate concentrations (Kohonen 1973). The high total iron concentration at 
near-bottom depths, especially at deep sampling stations, can also result from a greater amount of 
suspended particulate material in the bottom layer of the water (Magnusson & Westerlund 1980, 
Chester & Aston 1976) or from the release of iron from the bottom sediments under changing redox 
conditions (Koroleff & Tervo 1986, Brian Price 1976). 
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Fig. 2a. Total iron concentration at LL-transect (Gulf of Finland) in 12/2001* and in 01/2002. Samples 
were from different depths; Series1: surface layer 5 m, S2: below halocline, S3: bottom — 5 m, S4: 

bottom — 1 m. Total depths of the stations are shown on the chart 

Fig. 2b. Total iron concentration at IU-transect (Archipelagoe) in 01/2002. Samples were from different 
depths; Geri»o1: surface layer Snn.G2: below halocline, S3: bottom — 5 m, S4: bottom — 1 m. Total 

depths of the stations are shown on the chart. Note the scale for iron concentration. 

Fig. 2c. Total iron concentration at SR-transect (Bothnian Sea) in 01/2002. Samples were from different 
deptha;8eree1: surface layer 5 m, S2: below halocline, S3: bottom — 5 m, S4: bottom — 1 m. Total 

depths of the stati ns are shown on the chart. Note the scale for iron concentra on. 
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Fig. 2d. Total iron concentration at MS-transect (Bothnian Sea) in 01/2002. Samples were from different depths; Seriesl: 
surface layer 5 m, S2: below halocline, S3: bottom - 5 m, S4: bottom - 1 m. Total depths of the stations are shown on the 

chart. Note the scale for iron concentration. 

Fig. 2e. Total iron concentration at US-transect (Bothnian Sea) in 01/2002. Samples were from different depths; Seriesl: 
surface layer 5 m, S2: below halocline, S3: bottom - 5 m, S4: bottom - 1 m. Total depths of the stations are shown on the 

chart. Note the scale for iron concentration. 

Fig. 2f. Total iron concentration at BO-transect (Bothnian Sea) in 12/2001. Samples were from different depths; Seriesl: 
surface layer 5 m, S2: below halocline, S3: bottom - 5 m, S4: bottom - 1 m. Total depths of the stations are shown on the 

chart. Note the scale for iron concentration. 
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Fig. 2g. Total iron concentration at RR-transect (Bothnian Bay) in 12/2001. Samples were from different depths; Seriesl: 
surface layer 5 m, S2: below halocline, S3: bottom — 5 m, S4: bottom — 1 m. Total depths of the stations are shown on the 

chart. Note the scale for iron concentration. 

Fig. 2h. Total iron concentration in few stations of Bothnian Bay in 12/2001. Samples were from different depths; Seriesl: 
surface layer 5 m, S2: below halocline, S3: bottom — 5 m, S4: bottom — 1 m. Total depths of the stations are shown on the 

chart. Note the scale for iron concentration. 

4.2 Comparison of the total iron concentrations with earlier results 

The total iron concentrations have been collected from existing results during the years 1977-2002. 
Regularly the determination of iron has been in use between years 1977-1984, 1991-1995 and winter 
2001-2002. The data was processed in two different ways, as individual results and averages. 

4.2.1 Total iron concentration in surface layer and near-bottom samples 

The individual results were collected both together for surface layer and near-bottom samples from 
different transects around surrounding water areas of Finland. As surface layer results were regarded 
total iron concentrations that were measured for samples between 1-5 m depths. For the near-bottom 
samples the sampling depths varied between 1-20 m above the bottom of the sea. Nevertheless only the 
results for the deepest sampling depths were used. In the charts are listed the deepest depth for every 
station that has been observed during the years, which explains the differences of these values 
compared to Tables 1 and 2 and figures 2a-2h. 

The figures 3a-3h show that basically at all water areas the total iron concentration in surface layer has 
approximately been 10-50 µg/1 during the observation years 1977-2002. The differences are found 
between the surface layer and near-bottom concentrations, results varying between 20-750 .tg/l. In the 
Gulf of Finland (Fig. 3a and 3b) can be noticed a slight decrease on the total iron concentration both in 
surface water and near-bottom samples. The results of the recent wintertime show that without few 
exceptions the concentration is around 10-20lag/1 in both cases. In the Bothnian Sea (Fig. 3c and 3e) 
the total iron concentration in surface layer has reduced near 10 µg/1 during the years. At the near- 
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bottom depths (Fig. 3d and 3f) the latest results are also smaller compared to earlier measurements 
though great variations are found throughout the years when concerning deeper sampling stations. For 
example at stations SR5 and US5b the total iron concentration has varied between 100-750 1.tg/1 at 
near-bottom depths. In the Bothnian Bay (Fig. 3g and 3h) the total iron concentration has mainly been 
under 40 p.g/1 in surface layer and the near-bottom results have not been much higher during the years. 
Only exception is the results for sampling station B03 where near-bottom concentrations have varied 
between 20-150 p,g/l. 
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Fig. 3a. Total iron concentration in surface water in the Gulf of Finland during 1977-2002. Data was 
collected from depths 1-5 m. 
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Fig. 3b. Total iron concentration in near-bottom water in the Gulf of Finland during 1978-2002. Data was 
collected using the results of near-bottom samples in some cases up to 10 m above the base of the sea. 
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Fig. 3c. Total iron concentration in surface water in the Bothnian Sea during 1977-2002. Data was collected from 
depths 1-5 m. Note the scale for iron concentration. 
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Fig. 3d. Total iron concentration in near-bottom water in the Bothnian Sea during 1977-2002. Data was collected 
using the results of near-bottom samples in some cases up to 10 m above the base of the sea. Note the scale for 

iron concentration. 
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Fig. 3e. Total iron concentration in surface water in the Bothnian Sea during 1977— 2002. Data was collected from 
depths 1-5 m. Note the scale for iron concentration. 
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Fig. 3f. Total iron concentration in near-bottom water in the Bothnian Sea during 1977-2002. Data was collected 
using the results of near-bottom samples in some cases up to 20 m above the base of the sea at deepest stations. 

Note the scale for iron concentration. 
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Fig. 3g. Total iron concentration in surface water in the Bothnian Bay during 1977-2001. Data was collected from 
depths 1-5 m. Note the scale for iron concentration. 
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Fig. 3h. Total iron concentration in near-bottom water in the Bothnian Bay during 1977-2001. Data was collected 
using the results of near-bottom samples in some cases up to 10 m above the base of the sea. 

Koroleff and Tervo (1986) have shown similar results for the total iron concentration in the areas of 
Baltic Sea during 1973-1984. By those results the total iron concentration in surface water was about 
30 [tg/1 as the highest in different parts of the Baltic Sea. The differences in total iron concentrations 
were found at near-bottom depths. In the Gulf of Finland and in the Bothnian Bay the total iron 
concentrations were only occasionally found to be higher than 100 1.1g/l. In the Bothnian Sea the 
variations were between 100-500 vig/1 up to 20 m above the bottom of the sea. 

4.2.2 Differences on total iron concentrations between measurement periods 

The existing results in surrounding water areas of Finland were grouped into same depth scales by the 
Table 3. The average total iron concentrations were calculated for the Gulf of Finland, Bothnian Sea 
and Bothnian Bay during three measurement periods. The figures 4a-4i include the average total iron 
concentrations, the minimum and maximum total iron concentrations and number of results that were 
used for the calculations. 
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The individual results that were used for the calculation of averages vary from over 200 samples in the 
Gulf of Finland and in the Bothnian Bay to nearly 1200 samples in the Bothnian Sea. The 
determination of total iron concentration has been focused on 5-100 m depths during the years. 

Table 3. Scale of sampling depths and equivalent depths used on charts. 

Chart depth 
(m) 

Sampling 
depth (m) 

Chart depth 
(m) 

Sampling 
depth (m) 

5 1-10 125 111-135 
20 11-30 150 136-160 
40 31-50 175 161-185 
60 51-70 200 186-210 
80 71-90 250 211-260 

100 91-110 

The average total iron concentration in the Gulf of Finland (Fig. 4a-4c) has been 10-60 µg/1 through 
the measurement years even though there have been some maximum values greater than 200 µg/l. Only 
exception is found during 1978-1984 when the average total iron concentration for sampling depth 125 
m has been over 100 41. From the figures 4d-4f can be seen an increasing trend in the average total 
iron concentration from surface to bottom in the Bothnian Sea over the years, which was already 
reported by Pitkänen (1978). The data for his work was collected during wintertime 1966-1977. Same 
observations were found by Koroleff and Tervo (1986) for the total iron measurements in May and 
August 1984. Their results in the Bothnian Sea were 5-10 µg/1 in the surface layer and 50-250 µg/1 at 
near-bottom depths. The concentration in the surface layer has not changed much since then. At near-
bottom depths the individual results in the years 1991-1995 have varied between 100-500 µg/1 and in 
the year 2002 50-300 µg/l. The average total iron concentration was around 300 µg/1 during 1991-
1995 and 200 µg/1 in 2002. 

In the Bothnian Bay (Fig. 4g-4i) the average total iron concentration has usually been around 50 µg/1 
through the whole water column. Only in Fig. 4h can be noticed a slight increasing in averages from 25 
µg/1 in surface layer to 75 µg/1 at the bottom depths. 

Overall can be summarised that even though the variations between minimum and maximum 
concentrations might be significant, the differences on average total iron concentrations are not so 
substantial. Also the recent results of the average total iron concentrations are generally the lowest. 

Fig. 4a. The average total iron concentration in the Gulf of 
Finland during 1978-1984. The lines show a variation 

between minimum and maximum concentrations. In the 
brackets is number of results that were used for the 

calculations. 

Fig. 4b. The average total iron concentration in the Gulf of 
Finland during 1993-1995. The lines show a variation 

between minimum and maximum concentrations. In the 
brackets is number of results that were used for the 

calculations. 
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®Average 

Fig. 4c. The average total iron concentration in the Gulf of 
Finland during 2001-2002. The lines show a variation 

between minimum and maximum concentrations. In the 
brackets is number of results that were used for the 

calculations. 

Fig. 4d. The average total iron concentration in the 
Bothnian Sea during 1977-1984. The lines show a variation 

between minimum and maximum concentrations. In the 
brackets is number of results that were used for the 
calculations. Note the scale for iron concentration. 

Fig. 4e. The average total iron concentration in the 
Bothnian Sea during 1991-1995. The lines show a variation 

between minimum and maximum concentrations. In the 
brackets is number of results that were used for the 

calculations. 

Fig. 4f. The average total iron concentration in the Bothnian 
Sea during 2002. The lines show a variation between 

minimum and maximum concentrations. In the brackets is 
number of results that were used for the calculations. 

Fig. 4g. The average total iron concentration in the 
Bothnian Bay during 1977-1983. The lines show a variation 

between minimum and maximum concentrations. In the 
brackets is number of results that were used for the 
calculations. Note the scale for iron concentration. 

Fig. 4h. The average total iron concentration in the 
Bothnian Bay during 1991-1995. The lines show a variation 

between minimum and maximum concentrations. In the 
brackets is number of results that were used for the 

calculations. 
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Fig. 4i. The average total iron concentration in the Bothnian Bay during 2001. The lines show a variation between 
minimum and maximum concentrations. In the brackets is number of results that were used for the calculations. 

4.3 The influence of sample centrifugation on the concentration of total iron 

During the winter monitoring cruise in January 2002 a brief experiment was done concerning the 
influence of sample centrifugation on the total iron concentration. For this purpose two similar samples 
were collected from the whole depth scale at two sampling stations, SR5 and MS9. Before oxidising 
the other series of samples were centrifuged for 10 min with 2000 rpm speed. The uppermost layer of 
the sample was transferred into glass bottle using 5 ml pipette. After that the determination of these 
samples was carried out by the same instructions as for all the other samples. The results for these 
parallel sample series are shown in figures 5a and 5b. 

Fig. 5a. The influence of sample centrifugation on 
the total iron concentration at sampling station 

SR5. 

Fig. 5b. The influence of sample centrifugation on 
the total iron concentration at sampling station 

MS9. 

From the figures 5a and 5b can be seen a rapid increase in the total iron concentration near the bottom 
for both sample series. Also the difference on the total iron concentration between a regular sample and 
a centrifuged sample is significant. For both sampling stations the total iron concentration decreased 
around 50-60 % at near-bottom depths after centrifugation of the samples. The CTD-graphs for these 
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stations showed a descent in oxygen saturation too. At the station MS9 the oxygen level in surface 
layer was around 9 m1/1 and at the bottom 7.5 ml/1. At the station SR5 the fall on oxygen was even 
greater, from 9 to 5 m1/1. 

Any articles about similar experiments could not be found. Some investigations have been carried out 
to study the influence of sample filtration on the element concentrations. The conclusions have been 
that after filtration only the soluble iron is left in the solution (Koroleff & Tervo 1986, Magnusson & 
Westerlund 1980). Magnusson and Westerlund (1980) analysed cadmium, copper, iron, nickel, lead 
and zinc in Baltic Sea water. The samples were taken from 21 stations in the Baltic Proper and 
pressure-filtered through 0.45 µm filters. They measured the concentration of extractable iron by 
atomic absorption spectrometry. The iron concentration in near-bottom samples for unfiltered samples 
was about 70 % higher than the concentration for filtered samples. In the surface layer the difference 
was not remarkable. 

During sample centrifugation the organic matter and other heavier complexes in the solution sink to the 
bottom of the tube. Separation of these particles has a decreasing effect on the total iron concentration. 
But it is not guaranteed that centrifugation could also separate all of the iron hydroxide present in the 
solution. 

5. CONCLUSIONS 

The total iron concentration in the surrounding water areas of Finland has either remained the same or 
decreased when comparing the recent results with earlier measurements. The highest values are still 
found in the Bothnian Sea for the near-bottom samples at stations deeper than 100 m. The high total 
iron concentration might result from movement of suspended particulate material in the bottom layer of 
the water or from the release of iron from the bottom sediments. 

The results after sample centrifugation showed a significant decrease in the total iron concentration 
especially at near-bottom depths. Other studies have reported same kind of observations with sample 
filtration. A further experiment concerning comparison of centrifugation and filtration would give more 
knowledge about the differences on iron concentrations between these methods, and about the ability to 
eliminate the risk of contamination of filters while measuring soluble iron. 

The continuous monitoring of total and soluble iron concentrations in the Baltic Sea would be valuable 
for example when collecting information about element reactions in the water sediment interface or in 
the water just above the bottom of the sea. 
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