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The concentrations of dissolved and particulate amino acids (after hydrolysis) in the 
Ems-Dollart estuary were measured from March 1979 to August 1980. 
The concentration of dissolved amino acids ranged from 0.19-3.61mg.glycine.l- 1 

(1.0-17.0% of dissolved organic carbon). 
The concentration of particulate amino acids ranged from 0.1-14.1mg.glycine.l- 1 

( 1.2-79.5% of particulate organic carbon). Highest values were measured in the outer 
part of the estuary and were correlated with the phytoplankton bloom. 
It is suggested that the amino acids in the Ems-Dollart estuary are relatively more labile 
than other organic compounds. 

Oceanol. Acta, 1983, 6, 1, 105-109. 

Distribution saisonnière des acides aminés dissous 
et particulaires dans l'estuaire de l'Ems-Dollart 

Les concentrations en acides aminés dissous et particulaires (après hydrolyse) ont été 
mesurées dans l'estuaire de l'Ems-Dollart de mars 1979 à août 1980. 
Les concentrations en acides aminés dissous varient de 0,19 à 3,61 mg. glycine .l- 1 

(1-17% du carbone organique dissous). 
La source principale des acides aminés dissous est liée à la production primaire dans 
l'estuaire. 
Les concentrations en acides aminés particulaires varient de 0,1 à 14,1 mg. glycine .1- 1 

(1,2 à 79,5% du carbone organique particulaire). Les plus fortes valeurs ont été 
rencontrées à l'extérieur de l'estuaire et sont corrélées avec des poussées de 
phytoplancton. 
Ces résultats suggèrent que les acides aminés sont relativement plus labiles que les 
autres composés organiques dans l'estuaire de l'Ems-Dollart. 

Oceanol. Acta, 1983, 6, 1, 105-109. 

In the Ems-Dollart estuary, the rivers Ems and 
Westerwoldse Aa discharge 36 x 103 and 24 x 103 tons 
organic carbon, respectively, into the estuary (van Es, 
Laane, 1982). The import of organic matter from the 
adjacent North Sea cannot yet be quantif1ed properly 

(Postma, 1967; 1980; van Es, 1977). Primary production 
in the outer part of the estuary produces about 
50 x 103 tons organic carbon per year (Colijn, 1978). 
In earlier papers the conèentration and distribution of 
dissolved organic carbon, lipids and polyphenolic 
substances have been described: the results for the 
dissolved constituents are summarized in Table 1. 
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Table 1 
Variation in the concentration (mgC. 1- 1} of dissolved organic carbon, dissolved lipids, carbohydrates and polyphenolic substances and the proportion 
(%} ofthese dissolved compounds in dissolved organic carbon in the Ems-Dol/art estuary (1978-1981}. 

Dissolved organic carbon (DOC) 
Lipids 
Carbohydrates 

Polyphenolic substances 

Concentration 
mgc.l- 1 

0.4 -15.6 
0.045- 0.089 
0.04- 4.08 

0.2 - 5.4 

The only sources of dissolved polyphenolic substances 
in the Ems-Dollart estuary are the river Ems and 
Westerwoldse Aa (Laane, 1981). There is no evidence 
that polyphenolic substances could be formed in situ 
(Laane, 1982). 
The sources of carbohydrates and lipids in the Ems
Dollart estuary are the rivers and primary production 
(Laane, 1980b; unpublished results). From decomposi
tion experiments, van Es and Laane ( 1982) concluded 
that the potential utility of the organic matter from the 
rivers for heterotrophic organisms differs considerably, 
compared with the utility of the primary produced 
organic matter. The allochthonous organic matter bas 
!ost most of its easily utilizable organic matter, probably 
as a result of decomposition during its transport to the 
estuary. In consequence, the allochthonous organic 
matter bas a low food value in the estuary, compared 
with the local primary production. 
This difference will also be reflected in the chemical 
composition of the organic matter, especially in the 
concentration of amino acids, because amino acids are 
more readily utilized by heterotrophic organisms than 
are carbohydrates, lipids and polyphenolic substances 
(Maita, Yanada, 1978; van Es, Laane, 1982; Ittekkot, 
1982). 
In this paper the concentration and distribution of the 
amino acids in the Ems-Dollart estuary are described. 

MA TERIALS AND METHODS 

The sampling stations (at least 2 in each part of the 
estuary) were in the main tidal channel (Fig. 1). 
On the basis of salinity (S), primary production (Colijn, 
1978) and turbidity data, the estuary was divided into 
four parts: 1) the Dollart (S=0-15°/00); 2) the river Ems 
(S=0-15°/00); 3) the middle part of the estuary 
(S= 15-23°/00); and 4) the outer part of the estuary 
(S=23-31°/00). 
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Figure 1 -, 
Map of the Ems-Dol/art estuary with sampling stations (e). 

%DOC References 

0.8- 1.5 
7.4-51.3 

Laane, 1980 a 
Laane, 1980 b 
Laane, unpublished results 

16 -61 
Laane, 1981; 1982, Laane and Koole, 
1982 
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Using a pumping system, water samples were collected 
from a depth of 1.5 m. For analysis of total organic 
carbon, nitrogen and total amino acids, about 150ml 
unftltered seawater from each sample was frozen to 
- 20°C in serum botties. Seawater from each sample 
was suction-ftltered through Whatman GF/F ftlters 
(0.45 J.lm) and serum botties were ftlled with 150ml of 
the ftltrate and frozen to - 20°C. The ftlters and serum 
botties were pre-combusted for 4.5 hours at 480°C. 
For the determination of the concentration of amino 
acid, 2ml samples were freeze-dried in a 10ml glass 
ampoule (pre-combusted for 4.5 hours at 480°C). After 
the addition of 0.25 ml double-distilled 6 N HCI, the 
ampoule was sealed under nitrogen and heated to 
l20°C for 24 hours. 
The hydrolysates were dried in vacuo over KOH pellets. 
After the addition of 4ml aqua-bidest, the amino acids 
were detected with fluorescamine (North, 1975), 
and expressed in glycine equivalents (precision: 
0.01 mgc.I- 1), which can be converted to organic 
carbon and nittogen concentrations (1 mg gly
cine=0.32mgC or 0.187mgN). Ammonia is excluded 
in this method (North, 1975). 
Analyses for total nitrogen, nitrite and nitrate analyses 
were done according to Strickland and Parsons (1968). 
A modifted phenol-hypochlorite method was used for 
determination of ammonia (Helder, de Vries, 1979). 
Total and dissolved organic carbon were measured by 
wet oxidation (Menzel, Vaccaro, 1964). Total concen
tration of organic nitrogen was calculated as the 
difference between total nitrogen and inorganic nitrogen. 
The particulate fractions of organic carbon and amino 
acids respectively were calculated by subtracting the 
appropriate dissolved fractions from the total fractions. 
These results were compared with those gathered by 
direct determination of particulate organic carbon and 
particulate amino acid carbon on the ftlter. No deviation 
could be found between these two detection methods 
within the analytical error. 

RESULTS AND DISCUSSION 

Dissolved amino acids 

The concentration of dissolved amino acids varies 
between 0.19 (February 1980) and 3.61 mg. glycine .l- 1 

(July 1979). Both concentrations were measured in the 
outer part of the estuary. 
The mean concentration in each part of the estuary was 
calculated using the results from at least two stations in 
that part. The mean concentration of dissolved amino 
acids in the river Ems varies between 0.06 and 



SEASONAL DISTRIBUTION OF DISSOLVED AND PARTICULATE AMINO ACIDS 

Figure 2 
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Seasonal variation in the mean concentration of dissolved amino acids 
(mgC .1- 1) in the Dol/art ( e- -e) and in the middle ( e--•) and 
outer (0--0) parts of the Ems-Dol/art estuary. 

0.13 mgC .l- 1
. Figure 2 shows the seasonal variation in 

the mean concentration of dissolved amino acids for the 
other three parts of the estuary. 
The concentrations of dissolved amino acids in the 
Ems-Dollart estuary are comparable with those 
summarized in the literature, ranging from 6.6-
1 530 J.lg .1- 1 (Dawson, Pritchard, 1978). However, the 
concentration of 3.61 mg. glycine .l- 1 found in the 
outer part of the estuary is rather high. 
Figure 3 presents the percentage of the mean 
concentration of dissolved amino acids (mgC.l- 1) in 
the mean concentration of dissolved organic carbon for 
three parts of the estuary. These range from 0.1 to 
17.0 %. In the river Ems this percentage varied between 
1.1 and 5.7%. 
These results agree with Ittekkot's (1982) observations. 
He found that the percentage of dissolved amino acids 
in dissolved organic carbon during a plankton bloom 
on the Northern North Sea, ranged from 1-15%. 
During the winter months the highest concentrations 
were measured in the Dollart. Water discharged from 
the· Westerwoldse A a into the Do liart in the period 
October-December, contains enormous quantities of 
waste from potato flour mills (de Wolf, 1977; van Es, 
1977). 

In the months October 1978 to January 1979, integrated 
water samples were taken daily during the sluicing. The 
monthly means of the amount of amino acids sluiced 

Figure 3 
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Proportion (%) of the mean concentration of dissolved amino acids 
(expressed as glycine carbon) in the mean concentration of dissolved 
organic carbon for the Dol/art ( e- -e) and the middle ( e--•) and 
outer (0--0) parts of the Ems-Dol/art estuary. 
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Table 2 
Amount of total amino acids discharged by the Westerwoldse Aa into 
the Dol/art in the period October 1978 to January 1979 and the 
concentration of amino acids as a percentage of total organic carbon 
(%TOC). 

Date 

23-31 October 1978 
1-30 November 1978 
1-31 December 1978 
1-10 January 1979 

103 kg glycine day- i 

15.3 
11.6 
16.9 
5.6 

%TOC 

2.5 
2.6 
2.4 
5.9 

into the estuary during the potato flour processing are 
given in Table 2. 
A possible explanation for the increase in the dissolved 
amino acids during the summer months may be the 
primary production in the estuary and the adjacent 
North Sea. 
Primary production produces particulate organic matter, 
approximately 50% of which consists of amino acids 
(Parsons et al., 1961). Any increase in primary 
production during the summer months will also be 
reflected in the concentration of particulate amino acids. 

Particulate amino acids 

The concentration of particulate amino acids ranged 
from 0.1 mg. glycine. 1- 1 (February 1980) to 
14.1 mg. glycine .1- 1 (July 1979); both measured in the 
outer part of the estuary. 
The mean concentration of particulate amino acids in 
the river Ems during 1979 and 1980 was rather uniform 
and ranged between 0.05 and 0.18mgC.l- 1• 

The mean concentration of particulate amino acids in 
the other parts of the estuary are given in Figure 4. The 
concentrations of particulate amino acids observed in 
the Ems-Dollart estuary were higher than those 
mentioned in the literature; they ranged from 2.0 to 
1157 J.lg .1- 1 (Mai ta, Y anada, 1978; Siezen, Ma gue, 
1978; Garfield et al., 1979; Hollibaugh et al., 1980). 
As a result of the inland transport of suspended matter 
(Postma, 1967; 1980) there is a relatively high 

Figure 4 
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Seasonal variation in the mean concentration of particulate amino acids 
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) in the Do liart ( e - -e) and the middle ( e--e) and 
outer ( 0--0) parts of the Ems-Dol/art estuary. 
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Figure 5 
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Seasonal variation in the proportion (%) of mean particulate amino acid 
in mean concentration of suspended matter in the Dol/art ( e- -e) and 
the middle (e-e) and the outer (0-0) parts of the Ems
Dol/art estuary. 

concentration of suspended matter in the Dollart. An 
increase in particulate amino acid concentration could 
be caused by primary production and/or an increase in 
the concentration of suspended matter. Related for the 
amount of suspended matter, the highest percentages of 
amino acids in the suspended matter were found in the 
outer part of the estuary (Fig. 5). 
The percentages of mean particulate amino acid carbon 
in mean total particulate organic carbon (Laane, 
unpublished results) are given in Figure 6 for three 
parts of the estuary. 
In the river Ems this fraction varied between 1.1 and 
12.2% during 1979 and 1980. These results are 
comparable with the observations of Holm-Hansen 
(1968), Maita and Yanada (1978) and Siezen and 
Mague (1978). They found that during one year this 
fraction ranged from 9.2 to 63.5 %. The highest values 
they measured were in coastal waters, where phytoplank
ton growth was abundant. 
In 1979 the highest concentration of chlorophyll-a 
(38. 7 J.lg .l- 1

) was measured during the cruise in May in 
the outer part of the estuary (Colijn, unpublished 
results). This maximum corresponds with the maximum 
in the concentration of particulate amino acids (Fig. 4). 
The proportions of particulate amino acids in the 
suspended matter and in particulate organic carbon 
were also highest in that month (Fig. 5 and 6). 

Figure 6 
Seasonal variation in the proportion (%) of mean particulate amino 
acid carbon in mean total particulate organic carbon in the Dol/art 
( e - -e) and the middle ( e-e) and outer ( 0-0) parts of the 
Ems-Dollart estuary. 
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From these results it is inferred that the main source of 
particulate amino acids is the phytoplankton species in 
the estuary. The relatively high concentrations of 
particulate amino acids ( compared with the concentra-,. 
tions quoted in the literature) in the outer part of the 
estuary during the summer months probably result from 
the high primary production in that part of the estuary, 
up to 400gC.m- 2 .yr- 1 (Colijn, 1978). 
Mai ta and Y anada ( 1978) concluded that particulate 
amino acids in coastal waters decompose rapidly by 
comparison with other dissolved compounds. 
They calculated a turnover time of 7-11 days for 
particulate amino acids in the upper layer during the 
summer. Compared with the concentrations of parti
culate amino acids the concentration of dissolved amino 

. acids is very low. Total organic matter normally 
comprises 60-80% of dissolved organic matter and 20-
40% of particulate organic matter. This proportion is 
not reflected in the distribution of the amino acids over 
the dissolved and particulate phases (see Fig. 2 and 4). 
From these results it is presumed that the turnover rate 
of the dissolved amino acids is high compared with 
other dissolved constituents in the Ems-Dottart estuary. 
In decomposition experiments, van Es and Laane (1982) 
concluded that during the summer 70-90% of the 
concentration of particulate amino acids in the outer 
part of the estuary was degradable within 30 days of 
incubation. 
This fraction diminished up the estuary. From these 
experiments they also concluded that during the summer 
months the dissolved amino acids decomposed more 
quickly than dissolved organic matter as a whole. 
For heterotrophic organisms amino acids are as a food 
source besides a carbon pool also a nitrogen pooL 
Tuschall and Brezonik (1980) isolated dissolved amino 
acids and found that the amino acid nitrogen accounted 
for 14-34% of the total dissolved organic nitrogen. In 
the literature they cited this fraction varied between 
16-60%. Siezen and Mague (1978) calculated that the 
nitrogen content of the particulate amino acid pool was 
suff1cient to account for ali the particulate organic 
nitrogen. 
During 4 surveys in 1978 the contribution of total 
(dissolved and particulate) amino acid nitrogen to total 
organic nitrogen was calculated for the different parts 
of the estuary (Table 3). 
The relatively low proportion of amino acid nitrogen in 
organic nitrogen in the Dotlart and Ems, for ail dates, 
indicates that the freshwater sources discharge organic 
nitrogen compounds into the estuary that are not amino 
acids. Most of this is probably urea (Berman, 1974; 
Mitamura, Saijo, 1980). 

Table 3 
Percentage distribution of mean total amino acid nitrogen in mean total 
organic nitrogen in the Ems-Dollart estuary, for different dates in 1978. 

A rea 6 June 17 July 5 Sept. 23 Oct. 

Do liart 8.6 6.1 10.7 
Ems 5.0 1.4 2.6 2.3 
Middle part 85.3 65.0 43.0 36.5 
Outer part 78.2 79.9 27.0 28.0 



SEASONAL DISTRIBUTION OF DISSOLVED AND PARTICULATE AMINO ACIDS 

During the summer months, the calculated concentration 
of amino acid nitrogen is sufftcient, in many cases, to 
account for nearly ali of the organic nitrogen present in 
the middle and outer parts of the estuary. 
These results are in agreement with those of Tuschall 
and Brezonik ( 1980) and Siezen and Mague ( 1978). The 
high fraction of amino acid nitrogen in total organic 
nitrogen in the outer part of the estuary, suggests that 
the terrestrial organic nitrogen compounds, not being 
amino acids, are decomposed during their transport 
through the estuary. This possibility is conf1rmed by 
data on the behaviour of inorganic nitrogen compounds 
in the Ems-Dollart estuary (Helder et al., 1982). They 
found that nitrate, nitrite deviate positively from 
conservative behaviour. 
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