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ABSTRACT

  The influenee of natural phytoplankton cell classes upon the response of urea
decomposition was investigated in four reservoirs in the North Han River System.
The deeomposition rate of urea was O.3 to 29.4 ll niol uyea.m-3,hr,-t in the light

and O.2 to 14.9 y mol urea.mH3thr,-i in the dark. tyIuch higher decomposttion
rates were observed at tbe eutrophic stations in Lake Euiam, The urea deeemposi-
talon tn the smaller fraction (<5 gm) exceeded that in the middle (5-25 vm) and

the larger fractien (>25 #m). No differenees in the ratios of urea decomposition
to chlorophyll--a or photosynthesis among three fractlons were observed. This
mlght be mainly due to the difference in the standing crop of phytoplankton.
These trends were no different between sampXng areas and reservoirs. The
greater part of urea decomposition was the phase of CO." Hberation rate into the
water. Elght to 5e% of the urea decon}position was tncorporated into the par-
ttculate phase in the light, but this was much lower in the dark. The results of
the present study indicate that urea in reservolrs decoraposes by phytoplankton
rather than bacteria and the phytopiankton would be competitive to bacteria.
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INTRODL}CTION

  Several workers have recently been studied the phytoplankton eell size to
ciarify problems regarding the distribution of phytoplanktofi ceil classes, the
infiuence of cell size on physiological processes such as photosynthesis, nutri-
ent requirement, growth, and the influence of particulate size on zooplankton
grazing (2,11,12,16),
  Information has been accumulated to elueidate the dlstribution and metabolism
of urea in natural waters because of its lmportanee as one of the major nitrogen
sourees for phytoplankten and the appreciation of its role in the biogeochemica!
eycle of nitrogenous compounds. Urea decomposition by fresh;v'ater phytoplanl<ton
has been demonstrated using i4C-labelled urea (3,6,8,9). Urea was presumably
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decomposed more effectively by phytoplankton than bacteria, although urea--decom-

posing bacteria was extensively distributed in natural waters.
 tSslng a4C-labelled urea, several workers (3,9,14,20) measured a urea decompo-
sition rate in fractlonated water sample from coastai sea areas and a freshwater
lake. They reported high rates of urea decomposition in the smaller phytoplank-
ton eell classes (less than 15-25 gm), Mttamura (3) suggested that the smaller
phytoplaRkton would have a competitive advantage over larger phytoplankton in
urea decompesitSon in Lake Biwa.
  However, there has been very !itt!e research on Influence of cell size on the
respense of urea decompositSon in reservoirs. This study is to clarify the in-
fluence of ceH size on the response of urea decomposition by reservoSr phyto--
piankton located in the North }Ian River Systeni, Korea, as a means to obtain fur-
ther information on the urea metabolism in natural waters.

Iv!ATERIALS AND METHODS

  The present study was carraled out at station near the dam of Lake Paro, Lake
Soyang, Lake Chuncheon and Lake Euiam. To obtain further informations on the
influence of the eutrophication of water region upon the response of urea
decoruposition, sample waters were taken from slx stations showing a diffevent
trophic charaeter in Lake Euiam (Fig. 1).
  To measure the aetivity of urea deeomposition by a different cell classes of
phytoplankton, sampie waters taken from surface layer at stations in four reser--
                                                      ,voirs in May and June 1981 were separated Snto three fractions by sieving the
water with a 5 um, 25 vm Nitex mesh screen. An appropriate amount of phyto-
plankton on eaeh mesh screen was resuspended in the filteyed water through glass

  The water samples of smaller fraction (Fraction A; <5 um), middle fraction
(Fraction B; 5--25 gm) and larger fraction (Fraction C; >25 vm) were poured into
three series of 55 ml clear glass-stoppered bottles fov the measurement of urea
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decomposition rate, Crystalline '"C-Iabelied urea (Daiiehi Pure Chemicais; sp
act, 50 mCi･m mol-'; 1,85 GBq･m mol-') was dissolved in sterile, delonized dls-
tilled water and then the stock '"C-labeHed urea solution zvas stored at -20 'C.
After adding O,5 mi of '"C-labelled urea solution (centainlng O.O02 y mol '2C-

urea and O.1 gC± i"C-urea) to eaeh 50 ml sample water, O.2 ml of concentrated
foymaldehyde solution was immediately added to a serles of control bottles. The
second series of botties were wrapped in a black sheet to measure the dark rate
of urea decomposition. Light and dark series of bottles were incubated in a
"Jater taRk under 7,OOO lux using daylight type fluoreseent lamps at 16.0 "C,
(vsater temperature similar to that of sampling stations). After six hours incu-
batioR, biologicai aetivity was stopped by addiRg formaidehyde solution to each
bottle.

  Sample water 2n each glass bottle was filtered through a Millipore HA type

filter of 24 mm d±ameter. To measure the rate of urea caybon incorporation into
phytoplankton cell, the filter was put in a scintiliation vial, and 10 ml of
Bray scintiliation fluid was added. The radioactivity was then measured with

Aloka Model LSC--651 1±quld scintiliation spectrometer. The filtrate of eaeh
samp}e was poured into a separate IOO ml Erienmeyer flask and a C02 absorption
tube containing O.5 ml of n--ethanolam!ne was plaeed ln each flask to absorb the

i4CO:. I±berated from the sampie solution by acidification. After addlng O.5 ml
ef 3N }{L>S04 solution to each filtrate, the f±asks were sealed tightiy and ieft
for four days at room temperature, Then the radioactivity of i"C02 absorbed
into n-ethanolamine solution was determine as described above.
  Photosynthetic activity was measured by tl}e technique <19), sSmultaneously
                                                           ,with the expeviment of urea decomposition deterniination. The total C02 in the

samp±e water was deterrained wlth an infra-red C02 analyzer (17).
  For the chemical analyses of lake water, the collected sample waters were Sm-
inedlately filtered through glass fiber fUters (Whatman GF/C) treated by lgnl-
tion at 450 OC. Then the fikers and filtrates were stored at --20 "C in a deep
freezer untU chemical analyses in the laboratory. Urea concentvation was de-
terrnined by the method of Newell et aL, (13) with a modification (5), ammonia
after Sagi (15), nitrite after Bendschneider and Robinson (1), n2trate by the

method of Wood et at. (21), and phosphate after tyIurphy and Rlley (10). Part±cu-
late carbon (PC) and nitrogen (PN) were deterniined wlth a Yanagimoto MT-2 type
CHN Corder. Chiorophyil-a eoncentration was deterniined by the method ef SCOR/
Unesco (18).

RESULTS AND DISCUSSION

Coneentratton of urea and nutrtents
  Distribution of urea, ammenia, nitrite, nitrate and phosphate concentration in
the surface layer at the stations in reservoirs was 12sted in Tabie 1. Con-
eentration of dissolved tnorganic nitrogen (DIN; sum of ammonia, nitrite and
nitrate nitrogen) at station near the dam was 42 to 56 "g at.Ntl-i. The pereent-

age of ammonia in DIN was calculated as 6 to 10%. The nitrite was on±y O.6 to
O.8%. In four reservoSrs, the greater part of DIN was nltrate. The phosphate

concentration ranged from o.l4 te O.16 ptg at,P,I-i and the va±ues ;tJere geneyally
lov;. In Lake Euiam, the eoncentrations of ammonia' shosged much kigher va±ues at
Stations 3, 4 and 5 than at other stations, This tendency also observed in the
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Tabie 1 Concentrations of urea and nutrients in surface layer of reservoirs,
                                                   s

Reservoir Station grea Ammonia Nitrite Nitrate I'hosphate
        (u mol,1-') (ug at.N･l-') (ptg at.P･I-i)

I.. Paro

L. Soyang
L. Chuncheon
L. Euiam Sta.I

Sta.2
Sta.3
Sta.4
Sta.5
Sta.6

6.45
O.23
e. 61

e.85
0.58
4.30
5.35
8.55
1.13

 3.7
 2.7
 3.8
 5.4
 5.1
59.4
21.4
3C}.5

 4.5

e.4g
O.24
O.39
g,35
O.41
2.62
O.67
6.79
O.41

5Z
39

45
50

48
52

50
57

51

Q.I4
O.I4
g.16
e.13
O.I6
e.83
O.55
O.74
O.13

distribution of phosphate coneentrations, This ±ndieates that StatSons 3, 4 and
5, where affected by the sewage from Chuncheon City, have an eutpophic charac-
ter. The eoneentvation of urea was O,23 to e.61 i.t mol,l-i at station near the
darn of four reserveirs. High concentratlons ef ttrea were observed at the sta-
tions showing eutroph2c eharacter in Lake Euiam. The coneentration of urea ni-
trogeR was comparable to that of ammonia, but much lower than the nitrate con-

centvation.

Stze dtstributton of partteuLate matter
  Table 2 shows the amounts of particuiate carbon (PC), nttrogen (PN) and ehle-
rophyll--a in fractionated sample at the stations of feur resiervoirs. The par-
ticulate matter at the stations in Lake Euiam sltowed higher values than in other

reservoirs. A greater part of particulate matter was occupied by the smaHer
Fraction A, ranging from 70 to 92% iR PC of total fraction, 66 to 9!% in total
PN and 71 to 88% in total chlorophyil-a, while the amounts in the mSddie Frae--
tion B and the larger Fvactton C were usually low. There were no appreciable
differences araong the ratios of PC/PN and PC/Chl.a in three fractions,

Table 2 Amounts of particulate carbon CPC), nStrogen (PN) aRd chlovophyll-a in
     Fractions A (<5 "m), B (5-25 ptm) and C (>25 "m) in four reservoirs.

Reserveir Statien     pc

  (mg C･m-3)

    PN

  (Eng N･m-3)

Chl.a

(iiig chl.aim-3)

L. Paro
L. Soyang
L. Chuncheon
L. Euiam Sta.1

Sta.2
Sta.3
Sta.4
Sta.5
sta.s

134
 171
 l41
 296
 368
17e5
 861
 841
 296

 10

 6
 8
20

 57
171
 38
103
 18

 IG
 15
 i6
 21
 56
416
 33
25S
 59

 l4

 23
 20
 39

 46
254
 99
 79
 35

 L2
 O.9
 1.3
 2.4
 6.8
27.7
 5.7
11.3
 2.6

 L9
 2.1
 2.5
 2.6
 6.9
fi9.3

 3.9
28.6
 6.8

O.34
O.96
O.82
2.26
2.57
l5.6
 1.69
 2.19
 o.se

O.03
O.05
o.es
O.15
e.35
1.46
O.17
O.24
e.es

O.05
O,12
O.09
e.16
O.30
3.84
e.14
O.60
O.29
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photosynthette acttvttu tn phytopCankton eetL eLasses
  As can be seen in Fig. 2, the photosyntl)etic carbon assimilatlon rate, deter-
ndned simultaneously with the experlments for the measurement of the urea decom-
position rate, was O.7 to 8,4 mg C,m'3,hr.-' at the station near the dam in re-

servo±rs. At eutrophic Station 3 in Lake Euiam, high photosynthetic rate was
obtained. 66 te 84% of photosynthetic rate was the Fractlon A, :I'he photosynthe-
ti･c cavbon asslmilation rate by unit amount of ehlorophyll--a concentration was
calculated as 1.3 to 3,8 mg C,mg chl.a-i,hr.-i and showed no differences among
the phytoplankton cei! classes.

Urea deeoinposttton tn fraetionated phytoptankton
  The deeomposition rate of urea, incorporation rate of urea earbon lnto par-
ttculate matter, and the C02 iiberation rate into the vater from urea in the
fractionated experiments measuved uRder continuous light and dark condition are
illustrated ln Fig. 2. The deeomposition rate of urea (as sum of incorporation
rate of urea and C02 liberatien rate) was O.3 te 29,4 p mol urea,m-3,hr.-i in
the light and O.2 to 14.9 u mol urea,ni-3,hr.-i in tite dark, respectively. Much
Mgher decomposition rates were observed at eutrophie areas in Lake Eulara.
  The percentage of urea decomposit2on in the smaller Fraetlon A to that in the
total fraction (as sum of Fractions A, B and C) ranged from 66 to 90% (average;
80%) for deeomposition rate of urea, 41 to 92% (average; 74%) for carbon incor-

porat±on rate, and 66 to 90% (average; 80%) for C02 iiberation rate, re-
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 Fig,2b Rate of urea decompositton and photosynthesis in Fractions A, B and C at
        six stations in Lake Euiam.

 spectively. Whiie, the eontributions o£ decomposition rate of urea in Fractions
 B and C to that in the total fraction were considerabiy low, ranging from 4 to
 IO% for Fraction B and 6 to 19% for Fraction C. A similar tendeney was observed

 in the contribution t"or the carbon incorporation yate and C02 liberat±on rate.
 These results were no different between sampling areas and yeservoirs. No ap-
 preeiable differences between the contributlon of eaeh fraction in the light and
 in the dark were observed,

   The major part of urea deeomposition was the phase of C02 1±beration rate into
 the water (Table 3). Etght to 50% of the urea decomposition was ineorporated
 into the' particulate phase in the light, but this was much lower ln the dark.

 There were no appreciable d±fferenees among the size fractions. These percent--
 age in the Ught are similar to those obtained by previous werkers (3,6,8,9) ±n
 freshwater lake and reservoirs.
   The urea decomposltion rates were obviously higher in the light conditton than
 in the dark one. )!itamura and Saijo (7) and lvitamura (4) examined the influence
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Tabie 3 Percentage of earbon incorporation yate into partlculate matter and COL)
        iiberation vate into water from uyea in decompositioB rate of urea, and
        the dark/light ratio of urea decomposition in three fractiens.

Reservoir Fraction C Incorporation C02 LiberaLion
Decomposit;ion {)ecomposition
Light Dark Light Dark
    (%) (%)

       l)ark
       Light
Decomp. Ificorp. C02Lib.

L. Paro

L. Soyang

L Chunch

L l]'uiam Sta.1

Sta.2

Sta.3

Sta.4

Sta.5

S'ta.6

A

B

C

A

B

c

A

B

c

A

B

C

A

B

C

A

B

c

A

B

c

A

B

c

A

B

c

14

11'

13

20

25
22

l7

12

IO

22
29

36
19

26

27

38

50

35

23
15

18

25
19

15
8

13

H

O.3

Ll
1.6

l.2

e.6

1.0
g.6
l.1

1.e
2.5
O.8
O.6
1.0
O.5
O.I

O.5
O.2
O.1
O.8
O. 6

O.4
O.4

LO
e.2
e.s
O.2

86
89

87

80
75
78

83
88
90

78

71

64

8i

74

73

62

59

G5

77

85

82

75
8i

85
92
87

89

ieo

 99
 98

 99

 99

 99
 99
 99

 99
 97
 99
 99
 99
 99
100

108

lee
ioo

 99
 99
100

100
 99
1{}e

 99
ioo

O.63
O.60
O.67

O.52

e.51

g.s2
O.50
C.58

O.55
O.46
O.45
O.54
e.53
e.54
O.5i
O.44
O.51
o.64

O.56
O.65
O.51
O.S5
e.66
O.58
O,58
O.80

O.02
O.10
O.I2

O.06
O.02
o.g3

O.06
o.es
O,11

O.05
O.09
O.02
e.o3
o.e4
O.02
o.oo
e.el
o.eo
O.Ol
o.e6
O.03
O.Ol
o.g2
O.07
o.e2
O.04
O.02

O.73
e.67
O.76

O.63

O.64

O.73
e.55
O.64

O.69
e.6o
e.69
e.66
O,70
O.73
O.82
O.8S
O.78
O.83
e.65
O.79
O.67
O.79
O.76
O.62
O.66
O.90

of irradiance of the response of urea decomposition under different light inten-
slty. They reported that the urea decompositien rate increased with increasirig
Ligl}t intensity up to some asymptotic value. As seen in Table 3, the ratio of
dark to light values was calculated as O.44 te O.80 Sn the deeompositioii rate of
urea, O.OO to O.12 in the earbon ineorpovation rate, and O.60 to O.90 in the C02
Xberation rate. The dark/light ratto in the CO,7 liberation rate revealed con-
siderably high values, but only negltgible levels in the phase of earbon incor-
poration. This suggests that in the light urea decomposes into two phases of
carbon incorporation and C02 Uberation, while in the dar}{ it decomposes only

lnto C02 Uberation.
  The decompositton rate of urea carbon by unit amount of chlorophy}l-a was
calculated as 2.6 to i8" ug urea C,mg chl.a-ithr.'' in the light and 2.0 to g.2
"g urea C,mg e}il.a-i hr.-i in the dark (Table 4). High ratSos itJere obtained at

the eutrophic stations in Lake Euiain, No appreciable differences in the ratios
arnong the fractions were observed. The values in the present study proved to be
ln tlte same range as those obtalned ln Lake Blwa (8,9), and Lakes Soyang, Chun--
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Tabie 4 Ratio of urea decomposition rate, carbon incorporation rate and C02 lib'

        eration rate to chlorophyll-a amount in thyee fractions.

Reservoir Urea Decompositi.on C Incorporation C07 Hberation
Chlorophyll-"a Chlorophyll-a Chiorophyll-a

            (pg urea C,mg chi,a-i,hr.-t)
l.. I)aro

L. Soyang

L. Chuncheon

L. Euiam Sta.1

         Sta.2

         Sta.3

         Sta.4

         Sta.5

         Sta.6

t.ight

Dark
Light
Dark
Ligt}t

Dark
Light
Dark
Light
Dark
Light
Dark
Light
Dark
Light
Dark
Light
Dark

 8.2
 5.2
 7.9
 4.1
 6. 1

 3.8
 7.8
 4.3
 7.7
 4.2
l8.0
 9.2
 6.3
 4.0
 6.7
 3.4
 5.0
 2.9

10 3

 S2
 93

 7S
 38
 78
 36
 'z o

 37
14 3

 62
 75
 42
 51
 33
 35
 20

i9.2
 6.S
 8.6
 4.4

IL9
 6.9
 8.I
 3.7
 9.7
 5. 2

13.4
 6.8
 9.2
 fi.o

 3.8
 2.5
 2.6
 2.1

Ll
e. o

L5
e.1

Le
O.1

L7
O.1
1.5
O. 1

6.8
o.o
1.5
o.o

L7
o.o
O.4
o.e

L2
O.1
2.3
o.o
O.9
O.1
2.2
O.2
1.8
O.1
7.1
e.1

Ll
O.1

LO
o.o
O.5
o,o

L4
O.2

L9
O.1

L2
O.1
2.9
O.1
2.6
O. 1

4.7
o.o

L7
e.1
O. 6

o.o
O.3
e.o

7.i
5.2
6.3
4.0
 5.I
3.7
 6.1
 4.2
 6.3
4.i

IL2
IL2
 4.8
 4.0
 5. 1

 3.4
 4,6
 2.9

91
61
70

57
37
56
34
52
36
72
72
64
4.2

42
3.3

31
2e

 8.9
 6.7
 6.8
 4.3
10. 7

 6.8
 5.2
 3.6
 7.1
 5. 2

 8.7
 8.7
 7.5
 6.0
 3,2
 2.4
 2.3
 2.0

cheon and Euiam (6). As ean be seen in Table 4, the decomposition rate of urea,
the carbon incorporation rate, and the C02 liberation rate', except for the
values of the earbon Sncorporation rate obtained in the dark eonditlon, appear
to be related to the chlorophyll-a amount. This suggests that the urea decom-
position rate was proportiona! to the standing erop of phytoplankton.
  The ratSo of urea carbon decomposStion rate to photosynthetie carbon assimiia-
tion rate was O.13 to O.56% (Table 5). The carbon iReorporation rate from ttrea

was ca±culated as O.Ol to O.19% of photosynthetic carbon incorporation rate.
The patio of C02 lalberatioR rate to photosynthests was O.12 to O.50% There were
no dtfferences among three fractions. The eontribution of urea carbon in the
carbon souree of reservoir phytoplankton was negiigible. These pereentages were
similar to the findings in Lake Biwa (3,8,9).
  Remsen et at. (14) measured a urea decomposition rate in the smaller fraction
(<20 ptm) and the total fraction in coastal waters. Webb and Haas (20) reported

a considerable contribut±on of the smailer fraction (15 "rn) !n the total frac-
tion for urea deeomposition in estuary waters. Mitamura and Saijo (9) reported
that the urea decomposition by smaller fraction (<25 "m) accounted for the great
part of that by the total fraction in the south basin, whereas the contributSon
of smaHer phytoplaRl<ton was low in the north basin of Lake Biwa, as measured by
tn sttu experiments. Mitamura (3) repopted that the urea decompositlon by phy-
toplankton populations in the smaller fraction (<25 ptm) exceeded that in the
mlddle (25-70 sim) and 2arger fraetion (>70 Ftm) in ddifferent trophic areas of
Lake Biwa, He reported that the ratios of urea deeompositioll to chlorophyH-a
or photosynthetic earbon assimAation were higherr in the smaHer fracticn than

in the middle or larger one ±n Lake Biwa, The results of the present fraction-
ated experlment show that the urea deeomposition rate by the smaller phytoplank-
ton accounted for a considerable part of that by natural reservoir phytoplankton
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Table 5 Ratio of urea deeomposition, carbon iRcorporation and COL, liberatSon to
      photosynthesis in three fraetions.

neservoir wttlncooration
   Photosynthesis

   ABC         (%)

C02 Liberation
Photosynthesis

      (%)

Photosynthesis

      (%)
L. Paro
L. Soyang
L. Chuncheon
L. Euiani Sta.1
         Sta.2
         Sta.3
         Sta.4
         Sta.5
         Sta.6

O.52
e.38
O.51
O.32
O.33
e.49
O.4i
e.35
O.35

O.56
e.38
O.45
e.23
e,19
O.37
O.31
e,31
O.26

e.54
O.33
O.55
8.23
O.25
O.33
O.40
O.24
O.13

O.07
o.es
e.og
O.07
e.o6
O.I9
O.10
O.09
e.o3

O.06
O.09
O.05
g.o6
O.05
e.18
O.05
O.06
O.03

e.o7
O.07
o.es
o.es
O.07
O.I2
O.07
O.03
O. Ol

e.45
O.3i
O,42
g.25
O.27
O.31
O.31
e.27
O.32

O.50
O.29
e.4e
O.IS
O.14
O.19
O,26
O.25
O.23

e.47
e. 26.

0.49
O.15
O.18
9.21
O.33
e.2o
O.!2

populations, whiie no differences in the ratios of urea decomposition to chio-
rophyll-a or photosynthesis among three fractions were observed, This might be
mainly due to the dtfferenee in the standing crop of phytop!ankton. The decom-
position of urea in natural waters occurred in connection with the photosynthe-
sis of phyteplankton as suggested by several werkers. The results of the pres-
ent study indicate that the urea in reservoirs decomposes by phytoplankton rath-
er than bacteria and the phytoplankton would be co}ilpetitive to bacteria in terms
of the urea decomposition.
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