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Abstract — The content of free amino acids in pond water was examined
and found to vary from some scores to some hundred pg/l. In this water the following
amino acids appeared most frequently: cystine, aspartic acid, serine with glycine,
glutamic acid, alanine, valine, leucine. The concentration of free amino acids
dissolved in pond water depends, to a certain extent, on the fertility of the pond,
the time of day, and the layer in vertical section.

In natural waters amino nitrogen occurs in colloidal and molecular
from in peptides and amino acids. As a rule, it constitutes only as small
part of the dissolved organic matter in lake waters, forming only 5.5 to
10 per cent (Gocke 1970).

The content of free amino acids in natural waters varies from a few to
some hundred pg per litre (Dornagalla et al. 1925, Enaki 1967,
Meistrenko 1965, WVlasova 1965). Free amino acids play an
important role in the vital functions of aquatic organisms. They serve as
nutrient, or as a source of energy for fungi, bacteria, and some algae
(Brehm 1967, Fogg 1962, Gaertner 1970, Gocke 1970, Hobbie
et al. 1968, Kuznenko 1970). By means of phytoplankton cultures it
was demonstrated that some amino acids added to the nutrient solution
do not influence the growth of different species of algae in the same way.
Moreover, it was observed that the concentration of a given amino acid in
the environment is not without effect for the development of these
organisms (Clémencon, Erisman 194, Kuznenko 1969,
Litvinenko, Volovski 1962). Besides, amino acids, as constituents
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of organic matter, play a significant part in the nourishment of zooplankton
and other invertebrate aquatic animals (Growver et. al. 1961).

Aquatic organisms, such as phytoplankton, zooplankton, and other
invertebrates, contribute to an increase in the amount of organic matter
dissolved in the water; not only do they take up amino acids from the
water but also excrete them into it (Anderson, Zeutschel 1970,
Fogg 1962 3, Kenneth, Webb 1967, Pinenowva et al. 1969).

The main source of amino acids is organic matter dissolved in natural
water, which undergoes autolysis and decomposition both of autochtonic
and allochtonic character. It is well known that allochtonic organic matter
penetrates into the inland waters from outside with rain, thawing snow,
atmospheric contaminations, and municipal waste waters.

Purpose of the investigation and material

In 1969 a number of preliminary investigations on the content of free
amino acids in pond water were carried out in the Laboratory of Water
Biology PAN (Polish Academy of Sciences). These investigations aimed at
checking the qualitative and quantitative variations of the mentioned
substances in the vertical section of the water in a pond, time of day of
sampling being considered. Water samples were collected from breeding
ponds with a population of carp K 2/3.

The ponds were of equal area, amounting to 1 500 m2, and situated
close to each other. The two ponds were equally fertilized. The difference
lay only in the amount of feeding stuff supplied for the fish: pond No 21
received 1 325 kg granulate and 195 kg wheat and pond No 23 received
1 337 kg wheat.

Methods

Temperature, oxygen content, oxydability, and pH were determined
each time according to the method given by Just and Hermano-
wicz 1964. The obtained data are presented in Table I. Besides the
chemical analysis, the qualitative composition of phytoplankton was
determined in the examined water samples.

For the determination of the total amounts of free amino acids and
their quality, the pond water was treated with chloroform for preservation
purposes and subsequently filtered through hard filter paper in order to
remove seston and possible mineral suspension. After this the water was
passed through a column 0.9 cm in diameter and 10 cm high filled with
cathionite in hydrogene form (Zerolit 225-SRC-13). The resin was prepared
according to the method given by Karpov (1962). Adsorbed amino acids



Ryc. 1. Rozdziat wolnych aminokwaséw przy pomocy chromatografii cienkowarstwo-
wej dwukierunkowej (woda ze stawu nr 23, 26. 1X, powierzchnia, po potudniu):
A — pierwszy kierunek rozwijania, B — drugi kierunek rozwijania; 1. cystyna:
4. kwas asparaginowy, 5. seryna, 6. glikokol, 7. kwas glutaminowy, 9. alanina, 11. tyro-
zyna, 12. tryptofan, 13. metionina?, 14. walina, 16. leucyna (fot. A. Sieminska)
Fig. 1. Separation of free amino acids followed by thin-layer two-dimensional
chromatography (pond water No 23, from 26th September, surface p.m.): A — first
direction of development, B — second direction of development; 1. cystine, 2. aspartic
acid. 5. serine, 6. glycine, 7. glutamic acid, 9. alanine, 11. tyrosine, 12. tryptophan,
13. methionine?, 14. valine, 16 leucine (phot by A. Sieminska)
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were eluted with 2 n ammonia to the amount 80 ml per litre of the
examined water. Ammonia was evaporated in a rotary vacuum flask at
40—50°C. The dry residue from 1 litre of water after elution was divided
into two halves and the determination carried out in two repetitions.
Amino nitrogen was determined quantitatively by means of ninhydrin.
The reaction was carried out in a water-butanol solution, producing
a cadmic complex with hydridantin resulting from the ninhydrin reaction.
The results were read on an colorimeter at the wave-length 508 mu and
calculated in terms of glycine (Semenov 1962).

For chromatographic purposes the dry residue from 2 1 of water after
evaporation of ammonia was extracted by means of 96 per cent ethanol
acidified with 10 n HC1 (Baliga, Krishwamur 1955). The residue
was diluted in 1 ml redistilled water, after evaporation of ethanol. Amino
acids were determined qualitatively by means of thin-layer-chromatograhy,
MN 300 cellulose being used as adsorbent. The latter was prepared as
follows: 90 ml water and 15 g cellulose were homogenized for 90 sec. This
suspension was subsequently spread over 17>17 cm glass plates. The
cellulose layer was 0.4 cm thick (Opienska-Blaut et al. 1967). For
one-dimentional-ascending-chromatography a composition of butanol, acetic
acid, and water in the proportion 4:1:1 was used, whereas in two-
-dimensional-chromatography the above given composition was applied for
the first direction, and for the second propanol, formic acid, and water in
the proportion 40 : 2 : 10 or phenol and water in the proportion 3 : 1 were
used with the addition of 8-oxychinoline and ammonia in order to saturate
the chamber with its vapour (Kaniski 1957). Amino acids were detected
by means of a ninhydrin reagent in methanol with the addition of 2, 4,
6 colidine. ldentification was made by comparing the Rf of standard and
investigated amino acids. Besides, colour tests were made for tryptophan
and tyrosine (Opieiska-Blaut etal. 1965, Stahl 1967). Separation
of aspartic acid, serine, and glycine as well as methionine with valine was
a difficult problem. Hence, two directional separation was also applied

(fig. 1).

Results

In the first period (August) considerable amounts of free amino nitrogen
were recorded in the water sample from pond No 21; the greatest amounts
were found close to the bottom (Table I). The water taken at the same time
from pond No 23 also contained fairly large amounts of amino acids but
at the surface their content was much poorer. At 2 p.m. a fall in amino acid
content was noted in both ponds at almost all sampling points.

In the water from pond No 21 taken at the same time from both these
depths and times of day, the following amino acids were found: cystine,
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Tabela 1. Niektére cechy fizyko-chemiczne wody stawow
Table 1. Some physico-chemical features of pond waters

a - powierzchnia - surface, b - dno - bottom

Staw nr

Pond No 2
Czas poboru Tlen rozpuszczony Utleni alnos¢ Azot aminowy
Data poboru  Tjme of e Oxygen dissolved  Oxydability Amino nitrogen
Date of sampling pH 02/m/1 o2imi ug/1
sampling
a b a b
raanchn 14 7.2 2.88 13.94 1552 155 180
29.VIIIL. s
gopr(nﬂudmu 16 7.2 7.28 18.06 17.11 48 36
fano 109 7.2 6.16 21.64 21.32 62 38
26.1X. o
gor)gmd”'“ 109 7.2 8.08 21.02 22.26 44 33
Staw nr
Pond No 23
;an?n 14 7.0 3.25 12.92 12.67 34 124
29.VIIIL. o
Soprgwdn'u 16 7.0 6.66 13.94 1552 37 33
rano 109 7.0 6.08 15.08 13.80 55 56
26.1X. o
ppéprgfudnlu 109 7.0 7.04 13.17 13.17 51 63

aspartic acid, serine probably with glycine, glutamic acid, alanine, valine,
and leucine. Moreover, in the afternoon hours lysine was found in traces
in the surface water of this pond. It should be noted that the water from
the bottom of this pond was characterized by a greater variety in the
qualitative composition of amino acids than the surface water. Thus,
besides the above mentioned amino acids, proline was found at this depth.
Identification of this amino acid was made by comparing the Rf of the
examined sample with the standard one. The isatin test (Noworytko
1955) proved not to be satisfactory in this case. In the water close to the
bottom tyrosine was recorded at both sampling times, whereas in the
afternoon only lysine and arginine were found.

In pond No 23 the pattern of free amino acids in the surface water
taken in the morning and in the afternoon was similar to analogous samples
taken from pond No 21, while at the bottom this dependence dit not appear.
In the surface water from pond No 21 certain qualitative variations
between the samples were noted depending on the time of day, alanine
occurring only in the water taken in the morning hours and tyrosine being
present in traces in the afternoon. As has already been mentioned, the
water close to the bottom demonstrated a considerable fall in the amount
of free amino acids during the day (from 124 pg in the morning to 33 ug
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in the afternoon). In this water layer variations in the quantitative
composition of free amino acids were observed. Besides the most frequently
occurring amino acids, the following were found in the morning: lysine,
threonine, unidentified amino acidis, and phenyloalanine recorded only here.
In the afternoon the composition of free amino acids proved to be much
poorer than that in the morning sample. Threonine, valine, unidentified
amino acids, phenylalanine, and leucine were absent. Tyrosine and
tryptophan, on the other hand, were found in large dark spots (fig. 2).

Samples collected in the second period (Semptember) in very windy
weather, which was evidenced by an equal temperature in the whole
water column (Table I), demonstrated smaller variations in the amount of
free amino acids than in the previous samples between individual depths
of the pond and times of the year. However, this time too, the amounts of
free amino nitrogen in the water taken in the morning both from the
surface and from the bottom were slightly greater than in that taken in
the afternoon. Water taken from the bottom of pond No 23 was an
exception in this respect, as in the afternoon a slight increase in the amino
nitrogen content was recorded.

In pond No 21 the following free amino acids occurred both in the
surface waiter and in that taken from the bottom of the pond: cystine,
aspartic acid, probably serine with glicine, glutamic acid, alanine, valine,
and leucine. In water samples taken in the morning both from the surface
and from close to the bottom tyrosine and tryptophan were found. These
were absent in the water taken in the afternoon. Lysine was identified in
the water close to the bottom both in the morning and in the afternoon.

The pattern of free amino acids from pond No 23 in the second period
of samplings, was on the whole similar to that from pond No 21 (fig. 3).
Moreover, in the moning samples arginine, occurred in the surface water
and threonine in the samples from the bottom; the latter occurred also
in an analogous sample taken during the previous sampling period (fig. 2).
Lysine was found in traces in all samples, with the exception of the surface
water collected in the afternoon.

Discussion

In spite of numerous drawbacks the thin-layer-chromatographic
method proved to be successful because it permits the identification of
the substances sought in a relatively small amount of the basic sample,
which in the case of free amino acid identification in natural waters
is an essential problem. Hence, on the basis of the literature (identification
was carried out by means of various methods) and of the present
investigations it was established that aspartic acid and alanine are amino
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acids which were identified in a free state in natural waters by the
majority of authors investigating amino acids in water, whereas glutamic
acid was detected only by a few of them (Brehm 1967, Gocke
1970, Fogg 1962, Jursik 1961, Lichtfield, Prescott 1970,
Paluch, Stangret 1969, Povoledo 1960). Besides the mentioned
amino acids, various authors indicated the occurrence of only one or a few
of the amino acids mentioned in the present paper, i.e. cystine, lysine,
arginine, glycine, serine, tyrosine, tryptophan, threonine, valine, leucine
(Gocke 1970, Fogg 1962, JurSik 1961, L.ichtfield, Pres-
cott 1970, Paluch, Stangret 1969, Petersen et al. 1925 Po-
voledo 1960). Histidine and ornithine were detected only by Peter-
sen et. al. (1925) and by Hobbie et al. (1969).

In the first period the greatest number of amino acids was recorded
in morning samples from the layer close to the bottom. In the afternoon
exhaustion of these substances was observed, so that their amounts at
this time were lower than in the surface water. In the second period
(end of September) when sampling took place in windy weather, which
made the water turbulent, only a sligthy larger amount of free amino
acids was observed in almost all samples in the morning, not only at the
bottom but also on the surface.

Accumulation of free amino acids at the bottom in the morning
indicates the sinking of organic matter to the bottom and that
a decomposition process takes place, connected with excretion of
the mentioned substances. According to Fogg (1962), accumulation of
extracellular products increases with an increase in the depth of the
reservoir. Gocke (1970) maintains that the maximum of free amino
substances occurring in the morning is conditioned by an intensive
division of algae during the night. Due to the increase in the number of
algae cells in this period of time, the amount of extracellular substances
released into the environment increased several times. Conformity of the
results reported in the present paper with those quoted by the two above-
-mentioned authors, is probably connected with vertical migration of the
plankton during the day.

When comparing the two examined ponds is should be noted that pond
No 21 was more fertile than No 23 as it was richer in free amino acids,
this could also be confirmed by other coefficients of water fertility, such
as oxydability (Table 1), higher in the first pond, and the predominance
of chlorococcous algae which usually appear in fertile ponds. In pond No
23, of lower oxydability Conjugates algae predominated, this algae being
characteristic of lees fertile waters (Bucka, Kyselowa 1967,
Bucka 1968, Krzeczkowska-Wotoszyn 1966, 1967).



(exisutwals v Aq qoyd) w d —d “w e
— 1 ‘wonog — || ‘adepns — | "paynuspiun /T ‘audna] 97 ‘aulueejAusayd ‘g1 -auleA T ‘ueydoldAn T ‘eulsolAl 1T ‘surjoid qf
‘Quiuele ‘6 ‘auruocaiyl g ‘proe olwenib 2 ‘auldkl6 ‘9 ‘eunas g ‘pioe oledse y caululbae ¢ ‘auisA] ‘gz ‘aunsAd T :(isnbny U1 6¢
woJy 'z pue Tz SON spuod jo Jajem) AydesBojewolyd [euolsuswip-auo JaAe|-uiyl Ag pamojjo) sploe oulwe 9al) o uonesedss 7 ‘614
(e>sutwals 'y 104) nupntod od — d ‘ouel — 1 ‘oup — || ‘BIUYDZIBIM
-0d—| ‘AuemoipAiuspizelu T ‘eukona] 9T ‘euluejeojAusy ‘6T ‘euljem T ‘uejordAn zT ‘euAzosAy ‘T “euljoldd QT ‘euluee g
‘euluoal) g ‘Amoutweinib semy 2 ‘loyoqib 9 ‘euhlss ‘g ‘AmoulBeredse semy ¢ ‘euluibie ‘¢ ‘euAzi g eulisAo T (1A 6¢ ‘Sg |
17 JU MOMeIS 8z epom) [amoxuniajoupal fsmomisiemoxustd nyelforewolyd Asowod Azid mosemdjoulwe yoAujom feizpzoy ‘gz "oAY



(esulwals 'y Agq 1oyd) ‘de —d ‘w e — J ‘WOROq — || dIeNS — | ‘BuIdNd| ‘9T ‘Buljen T ‘ueydoldAsy zT ‘Bulsoll) TT
‘duluele g ‘Buluocalyl g ‘proe owwenih ;. ‘suldAlb ‘9 ‘saulles ‘g pioe odndedse p ‘sutulbie ‘¢ ‘aulsA] 'z ‘aunsAo T ‘(Jaquialdas yi 9z
woJy ‘sz pue 1z SON spuod jo Jsrem) AydesBojewolyd Jeuoisuswip-suo JaAe|-ulyl Aq pamojjo) SpIde oulwe dai) Jo uonesedss ¢ ‘Biq

(eXsuIwals v 10))
niupnjod od — d ‘oues — 1 oup — || "eluydozsaimod — | euAonal 9T ‘eulem yT ‘ueyordAny g1 ‘euAzolAl ‘T ‘eulu
-ele ‘6 ‘euluoal) ‘g ‘Amoulrweinb semy 2 ‘loqoxb 9 ‘eukas ‘g ‘Amoulbesedse semy p euluibre ¢ ‘euAzi| 7 eulisAo T (X1 97 ‘€z |
12 AU MoMmels az epom) [amoxuniajoupal femomisiemoxusio 1iyesbolewolyd Aoowod Azid mosemyjoulwe UYdAujoM feizpzoy € 9AY



323
Conclusions

1. Lack of conformity in the determination of the compusition of free
amino acids present in natural waters is caused iby using dissimilar

methods.
2. Increased excretion of free amino acids into the water and their

concomitant lower uptake by aquatic organisms takes place in the
morning.

3. Variations in the content of free amino acids at various times of the
day on the surface and at the bottom of the pond seem correspond with
the vertical migration of the plankton in the water.

4. The content of free amino acids in pure waters of a type similar to
those investigated may reflect their fertility: the greater the concentration

of amino acids the higher fertility of water.
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STRESZCZENIE

W stawach hodowlanych Zespotu Gospodarstw Dos$wiadczalnych PAN w Gotyszu
wykonano wstepne badania nad zawartoscig wolnych aminokwaséw w wodzie.
Préby wody pobierano dwukrotnie: 29.VIII. i 26.1X.1969, o godz. 6 rano i o 14 po
potudniu, z dwu pozioméw: 30 cm od powierzchni i 30 cm nad dnem. W wodzie
stawéw kazdorazowo mierzono temperature i pH, jak réwniez oznaczono utlenial-
no$¢ i sklad fitoplanktonu. Ogélng zawarto$¢ azotu aminowego oznaczano metodg
kolorymetryczng ninhydrynowa. Poszczeg6lne aminokwasy okreslano, stosujac tech-
nike chromatografii cienkowarstwowej.

Stwierdzono, ze w wodzie stawOw prawie zawsze wystepowaty takie wolne
aminokwasy, jak: cystyna, kwas asparaginowy, seryna z glikokolem, kwas glutamino-
wy, alanina, walina i leucyna. Znacznie rzadziej w probach wody notowano lizyne,
arginine, treonine, tyrozyne i fenyloalanine.

Wymienione wolne aminokwasy, zidentyfikowane przez autora w wodzie sta-
wow, nie zawsze byly podawane przez badaczy zajmujgcych sie tym problemem.
Brak zgodnosci wynikéw uzyskanych w niniejszej pracy, z danymi z literatury, do-
tyczacymi skitadu wolnych aminokwasow, jest spowodowany stosowaniem niejedna-
kowych metod. Stwierdzono, ze wystgpity roznice w zawartosci wolnych amino-
kwaséw w zaleznosci od pory dnia i od warstwy w pionowym przekroju.

W pierwszym terminie (koniec sierpnia) notowano wieksze nagromadzenie wol-
nych aminokwasoéw przy dnie, w porze rannej. Natomiast w drugim terminie (ko-
niec wrzes$nia), gdzie préby pobierano przy wietrznej pogodzie, obserwowano te
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prawidtowos$¢ w porze rannej, nie tylko jednak nad dnem, ale takze przy po-
wierzchni.

Poréwnujac badane stawy, nalezy zauwazyé, ze staw nr 21 byt zyzniejszy niz
staw nr 23, poniewaz miat wiekszg zawarto$¢ wolnych aminokwasow. Potwierdza-
tyby to takze inne wskazniki zyznosci wody, jak utlenialno.$¢ (Tab. 1 )wieksza
w pierwszym stawie i przewaga glonéw chlorokokkowych, wystepujgcych zwykle
w zyznych stawach. W stawie ni? 23, z mniejsza utlenialnoscig przewazaty glony
Conjugales, charakterystyczne dla wéd o mniejszej zyznosci.
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