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AnSTRACT 

The importance of organic matter utilization in 
naturai waters was indIcated by measuring heterotrophic 
activity. Amino acids are important as a source of 
organi c nitrogen for heterotrophi c bacteria. The 
diurnal uptake of amino acid was measured in situ. 
with sing'e concentration, in three aquatic bodies 
with different degrees of eutrophication, Keszthely 
basin in Lake Balaton, Koros backwater reservoir. 
and liquid manure fertilized fish pond. Also 
physicochemical parameters and bacterial numbers 
were examined. Diurnal uptake of some amino acids 
was characterized by dramatic changes of velocity 
(increase or decrease) in the three ecosustems 
examined, associated with irregular fluctuations 
in bacteria' numbers. The heterotrophic potential 
was affected by I ight and, dar~ periods of the day. 
Results obtained in Lake Balaton were the lowest. 
Mean incorporation rate of amino acids was 2.072 
~g dm- 3 h- 1. Mean incorporation rates of the same 
amino acids in Koros backwater reservoir and liquid 
manure fertilized fish pond were 8.83 and 8.872 Ilg 
dm- 3 h- 1 • respectively. Incorporation rate, measured 
with short-term interval incubation. was greatly 
increased afternoon and earlY morning in Koros 
backwater reservoir. whi Ie One peak appeared during 
midnight in liquid manure fertilized fish pond. In 
Lake Balaton. peaks were recorded with different 
trends for amion acids. 

INTRODUCTION 

Natural waters contain many dissolved organic compounds such as 
monosaccharides, amino acids, vita mines, and (atty acids. In aquatic 
systems, these dissolved organic compounds are utilized by heterotrophic 
bacteria (or obtaining energy and building new cells as well as (or recycling 
Inorganic nutrient (Wright and Burnison, 1979). In eutrophic or 
hypereutrophic aquatic ecosystems, this recycling has 8 very pronounced 
diurnlll cycle. 



The heterotrophic activity might be a good indicator for eutrophic 
condition (Albright and Wentworth, 1973; I3urnison and Morita, 1974; and 
Gillespie, 1976). Albright (1983) reported heterotrophic bacterial biomasses, 
activities, and productivities within the Fraser River plume. Electron 
microscopy and biochemical meaSUl'ements of heterotrophic activity were 
made on marine snow (Amv, 1987). Griffiths et al (1977) llsed two substrates 
that have the single-concentration method for determining relative microbial 
activity, and maximum potential rate of multi-concentration, he found 
tha t the measurement of substrate utjliza lion atone concentra tion is roughly 
equivalent to using the heterotrophic activity method. The same results 
were obtained by Gocke (1977) who mentioned that in eutrophic or polluted 
regions, the values agree quite closely. lIence either one of methods can 
be Ilpplied. Hoppe (I978) published a review to sum marize the resulls of 
most of tracer techniques and some problems concerning bacterial activity 
by flU tOl'lldiography. 

Invest igating the role of amino acids incorporation in bacteria, it wns 
necessllry to know the behaviour and function of these bacteria during 
a lightdnrk period which produces different incorporation levels with fi 

complete cycle of uptake durin!!, day time. The daily uplake is usC'ful to 
dct<:'l'mine the heterotrophic activities ur nqllatic systl"'llIs espec1/llly in 
fi~~h ponds. 

The nim of this work is to rnenSUI'e the diurnal uptnke of some flfnino 
I:ci(~:> ill situ, HS l';:!llt8d to varilltlOlls to time, and to ot)taill infornlfltion 
tlS 10 the prjiicipie of hderotmpltic Ilclivity during 24 hours. 

MATERIAL AND METHODS 

Description of the Arcos 

Lake Balaton is a shallow freshwnter lake in .:' Itl'ilJ RuroiJe, wilh a lenglii 
of 77.9 krn, a width of 7.7 km, average dc! dl of :1,14 m and a slll'fv.ce 
permanently rutUed by wind. Sub-surface wale, SHmpleJ :r,s fn) were 
collected at 2-hour intervals on 3rd and 4th of July, fro,; dboul v I(III off 
Keszthely Basin of Lake Balaton. 

I<.oros backwater reservoir in Sznrvas is situated in the southeastern 
region of Hungary. It Is located west to the protccted flood basin of the 
Hal'lTlas Koros River with 29.2 km length and 2.5 m. mean depth. The 
liquid manure fertilized fish pond has its watcr supply from the Rivcr Koros, 
with sUl'face area of 1500 m 2 and average depth of 1 m. Water samples 
were collected from mid river and fis!l pond during 19 th and 20 th of May, 
and 10 th to 11 th of June, respectively. 

Water temperature, and dissolved oxygen were measured by Dissolved 
Oxygen Meter Model 1510; pH was measured with pH meter (Type OP­
107). Redox potential was measured by nA-mV meter (Type OIl-80l) and 
conductivity was detel'mined with conductivity meter (Type 0I{-102/I). 
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Ammonia-nitrogen was determined by tile method of Scheiner (1976)..Nitrite 
and nitrute-nitrogen were determined by the method proposed by Strickland 
and Parsons (1968) after reduction of nitrate with cadmium. Dissolved 
phosphate was determined according to Robinson and Thompson (1948). 

Dissolved free amino acid (DF AA) was detected by Beckman Amino Acid 
Analy7.er, Model1118, with "Single Column". 

Total number of bacterioplankton VIas determined by direct membrane 
filter method of Razumov (1932). 

lleterotr0phic activity was measured using the method of Wright and 
Hobbie (1966), with single-concentration of labeled awino acid in situ. 
One concentration was added from U-C14 glycine with specific activity 
431.79 1\1 Bq/mmol (npproximately 121.8 JIg dm-3); L-C14 methionine with 
specific activity 370.74 M Bq/mmol (npproximately 121.4 Jig dm-3, and 
DL-C14 tryptophan with specific activity 220.52 M Bq/mmol (npproximately 
139.2 Pg dm-3) obtained from Isotopes Institute of the Hungarian Academy 
of Sciences. 

lor Inensuring uptake amino acid under sterile condition in situ, duplicate 
100 mlllliqllot of each :,lllllDlc wo~ incubr. ted in about 130 nlTgJass stoppered 

. botllf' for 2 hours in the dark. "'or eneh substrate one bottle fixed with 
1 11l! of Lugols \'diS USc' 1 ns A bllltik. L\ftcr inCUbation, the snmples were 
fil t NCr! throup,-h O.'1~) , m ~;[1J·tori us m(;m~'l'ilile filter and woshed three ti mes 
with Hi 1111 stc;'il(~ (Jl.o.tilled wnter. Ench filter wns then plnced in H 

scintillation vinl f'Onlr'iJinr; 15 of Bray :"C'intil1ation cocktail, and counted 
by Ileekmnn L S 100 for 10 minutes for each channel. Quenching was 
Quenching WIlS corrected by channel mtio method, to obtain disintegration 
per minute (dprn). 

Correlation coefficient (r) was cnlculnted after transformation of 9 
different ways and from these tile maximum value was taken into 
consideration. 

RESULTS AND DISCUSSION 

Diurnal Changes of Physicochemical PaH..rns 
The physical and chemical parameters of the three aquHtk locutions 

examined are shown in Table 1. The temperature was higher, in liquiri IP:1llUre 
fertilized fish pond than in other aguatic locations. High dissolved oxygen 
concentrations was measured in Koros bnckwater reservoir with a mf'an 
value of 13.03 mg dm-3, probably due to the high photosynthetic activity 
of plankton. The water WIlS slightly alkaline in Lake Balaton and {{oros 
backwater reservoir, pH fluctuated from 7.7 to 8.35. In liquid manure 
fertilized fish pond, the values of pH ranged between 7.4 and 7.6 with a 
mean value of 7.51, (Table 1). 

Diul'llal variation of pH were relat(vely low in the three aquatic locations, 
lower pH values were measured in liquid manure fertilized fish pond. This 
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is probably due to reduced photosynthetic activity of plankton. High redox 
potential (Eh) was recorded in Koros backwater reservoir with a meAn value 
of + 496.5 mY. In liquid manure fertilized fish pond, the redox potential 
mean was + 381.9 mY. We may observe that recorded values of pH, dissolved 
oxygen and redox potential (Eh) are invAriably lower in liquid manure 
fertilized fish pond probably due to bacterial degradation of dissolved and 
particulate organic matter load in water column. 

Liquid manure fertilized fish pond was characterized by higher conductivity 
than Koros backwater reservoir which may be attributed to low water level, 
stagnation and evaporation. 

Ammonia, nitrite, nitrate and phosphate were observed in noticeable 
concentrations In the three aquatic IJodiN;, (Table 1 and Fig. O. Higher 
levels of nutrient salts were recorded in liquid manure fertilized fish pond 
than in the other aquatic bodies due to the addition of pig manure. 
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Diurnal Variation of Total Bacteria 
Total bacteria was examined by direct counting. It ranged between 2.24 

and 4.75 X 106 cell ml-1 in Lake Ba~aton, and between 6.0 to 10.0 X 106 
cell ml-1 in Koros backwater reservoir. Total bacteria in li~uid manure 
fertilized fish pond reached a maximum value of 6.47 X 10 cell ml-1. 
Generally, the maximum first peak of total bacteria was recorded afternoon 
and second one during night, in Koros backwater reservoir. High number 
of bacteria was observed in Lake Balaton during afternoon and late morning, 
while in liquid manure fertilized fish pond maximum values were recorded 
during morning, (Table 1 and Figs. 2, 3 and 4). 
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Total bacteria of Lake Balaton was significant with dissolved phosphate 
and pH while it was significant with dissolved oxygen concentration in 
l<oros backwater reservoir. In liquid manure fertilized fish pond, no 
significnnce could be found with all fac~ors, (Table 2). 
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Diurnnllncorporation of Amino Acids in Lake Onlaton 
The diurnal uptake rate with fluct4ation levels related to day time, the 

heterotrophic incorporation rate of glyc4ne was recorded at low level ranging 
between 0.038 and 0.266 J.lg dm-3 h-l with a mean value of 0.133 J.Ig dm­
3 h-1. Two peaks were recorded due to changes of day time. The first one 
0.266 J.Ig dm-3 h-1 was recorded during 1500 - 1700 hs (afternoon), and 
the second 0.143 J.Ig dm-3 h-1 In 700 - 900 hs (late morning), (Fig. 2). 

The lowest rate was 0.038 JIg dm-3 1)-1 during 900 - 1100 (late morning). 
These results may be attributed to the relatively high ruttling activity 
of wind and small amount and activity of bacteria. 

Incorporation rate was significant with redox potential (Eh) and was in 
close correlation with dissolved phosphate, (Table 2). 

The highest values of natural substrates (8n) of glycine were 2.03 and 
3.673 Jig dm-3 during 1700 and 700 hs, respectively. This result was in 
agreement with Jorgensen (1982) who' found that the assimilation rate of 
15 J.Ig C dm-3 h-1 was at midnight, wher level of DF1\1\ was highest. 

The incoropration rate of methionine took the profile of that of glycine, 
with two peaks recorded at the 1':ame time as the ~IYcine peaks. Maximum 
Incorporation rates were 1.818 and l.l87 JIg dm- h-1 during (1500-1700 
hs) and (700-900 hs), respectively. 

The results of DFA1\ of methionine at the same two peaks were 3.312 
and 0.734 J.Ig dm-3 during 1700 and 700 hS res~ectivelY. The lowest level 
of incorporation rate was 0.035 J.Ig dm-J h- at noon (1100 - 1300). 
Incorporation rate was significant with redox potential. 

Incorporation rate of tryptophan fluctuated between 0.351 and 2.524 
J.Ig dm-3 h-1, with mean value of 1.195 JIg dm-3h-1. lt showed a smull 
Increase during 1300 - 2100 hs and reached 8 muxilTlum peak during 2300 
- 100 hs early morning. Incorporation rate then decreased rapidly during 
(100 300) and (700 - 900) hs, then increased again to a second relatively 
high peak at 900 - 1100 hs late morning, ( Fig. 2 ). In Keszthely basin, situated 
in the great eutrophic part of the lake, the low uptake was recorded during 
strong windy days. This result agreed with Olah (1970) who found that 
the activity of population always increased on the day after as stromy 
one, and he concluded that, the bacteria were not carried up from the 
sediment to the water column, but ill fact reproduced there. Padisak ( 
1980 ), mentioned that, the productivity during the strom period was about 
half as much as after that time. Glycine and methionine were strongly 
correlated ( r = 0.8399), while no apparant correlation was observed between 
glycine and tryptophan, and between m~thionine and tryptohan. 
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Diurnal Incorporation of Amino Acid'> in Koros Buckwntcr Reservoir 
The heterotrophic activity of g~c!ne increased gradually from 900 to 

1500 hs with value 3.650 llg dm- h-l, then decreased again reaching a 
second peak during 300 to 500 hs early morning with maximum value of 
5.962 JIg dm-3 h-1, (Fig. 3). Minimum incorporation rate has been observed 
during 900 to 1100 hs late morning with value of 1.862 llg dm 3 h -1, (Fig. 
3). This con be attributed to high total bacteria and activity, and the high 
degree of eutrophication than Lake f3alaton, due to the higher uptake 
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velocity. The second peak was charaderized by a higher incorporation 
than the first one. We suggested that the bacterial activity was very high, 
while the number of bacteria was about 1.5 times larger than recorded 
In the second peak. Dawson and Gocke (1978) mentioned that the low 
bacterial biomass was capable of taking a large amount of substrate added. 
The large second peak was recordeq in early morning with start sunrise. 
The heterotrophIc activity was limited to day time, when significant uptake 
characterized the sunligh and declined with sunset and increased with sunrise 
aglan (Fig. 3). In general, the uptake rate prediced the actual heterotrophic 
activity of day time. Incorporation showed significant correlation between 
I'll, conductivity, ammonia, nitrite and pissolved phosphate, (Table 2). 

Diurnal incorporation rate of metpionine increased from 1.721. to 3.186 
Jlg dm-3 h-l with a mean value of 2.160 Jlg dm-3 h-l . While two high peaks 
were frequently observed, during 1500 - 1700 hs afternoon and 300 - 500 
hs early morning, the mlflimum level was recorded during 1100 - 1300 hs 
at noon. Generally, Incorporation fates started from increasing toward 
the first peak and gently decline al 2300 - 100 hs early morning, and 
beginning sharply increased to. reactl the second peak. The second peak 
Is slightly higher than the first. Illcorporation rate of methionine was 
significant with ammonia. 

Diurnal changes of incorporation rate pf tryptophan showed the same 
profile as methionine. The rate of incorporation varied from 1.222 to 4.09 
IJg dm-3 h- l and was characterized by a second peak. Incorporation rate i 

.) ~9.\.el'J wi\" CQ\\uu<;:.\\'1\'-Ci e.n<1 0.''''''0''''.'- "'...h'", ~.'v.,,"•.. "(,,\ , 
was slrong Y corre. found between glycine and metll10nlne r 
regression rela~ion ships were ( _ 0 8107 ) and methionine and tryptohan 
= 0.7353 ), glycme and tryptophan r - . 
(r = 0.8273 ). 

Diurnal Incorporation Rote of Amino Acids in Liquid Manure Fertilized 

Fish Pond . . d meth'onim"> were presented In the
 
Incorporat~on profiles ?!it~lycme apI< recorded during 1900--2100 hs. The
 

same ways 10 day time, w one pea 992 dm-3 h-1for
 
daily cycle mean inciorporation t~atels wTe~: ~~~3:stnr~t~~ fotngd were 1.889 

and methion ne respec Ive Y· th' .1 i eg yc n -3 -1 d rin 30P-500 hs. for glycine and me IOmne,
and 1.356 Jlg dm hug f 1 ine was significant with 
respectively, (Figure 4). Inco~po~a~~~ r:t:tro ; ~~rrelation with dissolvedon
temperature and nitrite, an SOme hionine was strongly correlated with 
phosphate. InCtOrPtrt~~~ ~~S~eOl~~d n~Psphate, while incorporation rate was 
I'll, redox po en a 'I' 

also correlated with nitrite. 
3t h ged between 1.829 and 6.988 IJg am-

Incorporation rate of tryp 01' an ~QI1 characterized by two peaks, were 
fmll . The d~ny 1~~~esI3~~ ~~YPat;:X tQO-900 hs. afternoon and late morning, 
recorded dur ng - . t 1 vel was observed during 2100-2300 
respectively, while mi~i~~;rze~a ~sttpond showed higher assimilation for 
hs in lat~ nig~t. The deri I id growth phase following the stress caused 
amino aCid. ThiS resulte n a rap 
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by fertilization. At the same time high quantity of algal excretion of 
dissolved organic matter has been produced (Fogg, 1971). The higher uptake 
velocity of amino acid recorded in fertilized fish pond is supposed to be 
due to higher activity of bacteria. Ipcorporation rate was weakly correlated 
with pH and redox potential, while Jt was strongly correlated with dissolved 
phosphate (Table 2 and Figure 4). 
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Strong correlation coefficient was found between glycine and methionine \. 

(r=0.7827) while, intermediate negative correlation between glycine and 
tryptophan (r=-0.5666) was observed. Strong negative correlation was found 
between methionine and tryptophan (r=-0.8721). If we consider the mean 
incorporation rate values, we ma¥ observe that they are relatively 
comparable to the liquid manure fertilized fish pond and Koros backwater 
reservoir. This result could due to tj1e fact that liquid manure fertilized 
fish pond supplied with water comming from Koros backwater reservoir. 
However', due to allOChthonous bacterta, supplied with pig manure during 
fertilization of fish pond (pig manure, 31.5 m3 during four months), bacterial 
activity in liquid manure fertilized fish pond is relatively higher. 

Comparison of the physicochmicaJ parameters and bacterial numbers 
showed great variations between the t~ree aquati c bodies. 

Similarly, incorporation rates for the three amino acids examined here 
were highly variable in the three aquatic bodies. 

All these parameter may be useful for the regular observation of the 
changes connected to eutrophication. The diurnal uptake may add a clear 
picture to seasonal variations of heterotrophic activity in natural water. 

The same basic pattern of decreased and increased heterotrophic activity 
was found in the three aquatic bodies. Due to the physiological conditions, 
these bacteria are capable to utilize amino acid substrate from water. 
Wright (197 B) metioned that heterotl'ophic bacteria are not of si rnilar 
activity, related to physiological differences that may well correspond 
with habitat changes. The diurnal variation of incorporntion of glycine, 
methionine and tryptophan appeared to fluctuate from hour to other. These 
values were the SRme for the three sites examined, Whereas the sites were 
widely different in environmental characteristics. Incorporation upta)<e 
was correlated to requirement of bacteria to Energy from subslrate. Morita 
et al.(1977) and Goulder (980) concluded tha, there is no strong correlation 
between maximum uptake and ecological parameter". 
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