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To understand the significance of urea in the pool size of nitrogenous nutrients and in nitrogen
(N) requirements of primary preducers in an estuarine system of Mankyung and Dongjin rivers
(MD-estuary), Korea, we investigated 5 times the distributions of urea and other inorganic nitrogenous
nutrients, and urea decomposition rates between June 1992 and February 1994. Urea concentration
during the study period ranged from undetectable to 12.5pg-at N 17", contributing to 0-96% (mean
of 11%) of the total nitrogenous nutrients in the sudy area. Urea comprised a major component
of the total nitrogenous nutrients when concentration of total nitrogenous nutrients was low. Urea
decomposition rates in the water column ranged from 0.02 to 577 nM h™', and netplankton was
the major decomposer of urea. Vertical distributions of urea decomposition rates in the water column
showed generally small variabilities (ie. <3 fold). The decomposition rates of urea in the MD estuary
would supply 02~88.4% of phytoplankton N requirements. The major contribution of urea to phytop-
lankton N requirements was found when phytoplankton production was low (<50mg C m™3d™").
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Fig. 1. Sampling stations in an estuarine system of Ma-
nkyung and Dongjin rivers during a study from
June 1992 to February 1994.
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Fig. 2. Vertical profiles of salinity, seawaler temperature,
and density from June 1992 to February 1994.
Open triangles represent salinity, open squares
water temperature, and filled circles density. Nu-
mbers in the panels represent station numbers.
Panel (A) represents June, 1992; (B) October,
1992; (C) February, 1993; (D) October, 1993; (E)
February, 1994.
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Table 1. Concentrations of urea and other nitrogenous compounds in the estuarine system of Mankyung and Dongjin
rivers. Values are expressed in pg-at N 171

Station Depth Urea-N NH,*-N NO;"-N NO;™-N Sum
(m) Conc. % Conc. % Conc. % Conc. %* Conc.
Jun. 5, 1992
1 0 348 199 863 494 1.31 7.5 406 232 1748
3 0 134 244 291 530 033 60 091 16.6 549
3 096 19.5 273 55.5 034 69 0.89 18.1 492
5 0 072 96.0 nd. 0 003 40 nd. 0 075
4 1.44 69.9 0.57 217 005 24 nd. 0 2.06
10 062 69.7 0.24 270 0.03 34 nd 0 0.89
7 0 1.54 95.7 nd® 0 007 43 nd. 0 1.61
3 1.66 779 nd. 0 0.10 47 037 174 2.13
Oct. 31, 1992
1 0 12.50 17.6 3195 449 270 38 2397 337 71.12
3 0 298 84 1098 309 0.89 25 20.68 582 3553
3 502 125 1355 338 084 21 2064 51.5 4005
S 0 224 88 401 158 040 1.6 1869 738 2534
4 2.88 11.1 339 130 0.60 23 19.18 736 26.05
10 224 89 293 116 049 19 19.53 71.5 25.19
7 0 320 17.6 9.12 50.2 0.64 35 521 287 18.17
3 544 19.1 896 314 082 29 1329 46.6 2851
Feb. 27, 1993
1 0 232 31 4385 580 1.32 17 28.11 372 75.60
3 0 nd. 0 642 60.6 021 20 394 372 10.57
1 032 29 622 570 0.20 1.8 4.18 383 1092
3 094 130 5.59 775 005 0.7 0.63 87 721
5 0 0.16 2.6 067 109 005 1.5 521 850 6.13
3 nd. 0 249 46.5 0.11 21 275 514 535
5 032 59 1.09 20.0 0.10 1.8 394 723 545
10 nd. 0 1.10 258 008 19 307 719 425
7 0 0.16 10 601 384 042 27 9.07 579 15.66
1 0.16 1.1 5.05 345 044 30 897 614 1462
. 3 1.70 14.1 5.59 46.3 025 21 454 376 1208
Oct. 9, 1993
1 0 418 6.3 4348 660 246 37 1571 239 65.83
3 0 418 203 873 424 L10 53 6.60 320 2061
3 0954 50 10.39 55.8 090 48 6.39 343 1862
5 0 196 40.8 nd. 0 042 88 242 504 4.80
5 4.18 528 nd. 0 085 107 289 36.5 792
10 4.00 510 nd 0 0.59 7.5 326 415 785
7 0 248 176 7.08 50.2 0.64 45 391 217 14.12
3 434 237 7.00 382 093 5.1 605 330 18.32
Feb. 18. 1994
1 0 212 22 7593 776 1.06 11 18.80 192 9791
3 0 134 46 17.08 58.5 044 L5 1036 355 2922
3 3.60 10.8 1747 526 043 13 1174 353 3324
5 0 1.56 153 0.26 2.5 036 35 8.02 786 10.20
5 - - 0.36 - 033 - 6.79 — -
10 = — 022 - 022 - 573 - -
7 0 236 - - - 0.59 - 1225 - -
3 206 - - - 0.56 - 11.14 - -
Average 228 113 907 450 0.58 29 823 408 20.16

*The percentages represent the ratio of each nitrogen form to total dissolved nitrogen (ie., Urea-N-+NH,"-N+NO, -
N+NO;™-N).
#nd.; not detectable
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Table 2. Urea decomposition rates in seawater. chlorophyll a (Chl a), urea decomposition index, the percentage of
bacterial fraction in whole seawater activity, and turnover times (T.OT.) of in siru urea in the estuarine
system of Mankyung and Dongjin nivers. RSWD and BD are the decomposition of urea in whole seawater

and bacterial fraction, respectively.

Station Depth Urea Chl a Urea BD TOT.
decomposition decomposition index RSWD
(m) (nM h7") {ug 'Y (nmol pgChl ™' h™" (%) (d)
Jun. 5, 1992
1 0 387 1273 0.304 0 188
3 0 0.57 7.30 0078 0 492
5 0 0.53 436 0.123 0 284
4 1.33 432 0308 - 27
10* 1.06 401 0.265 - 122
Oct. 31, 1992
1 0 1.80 9.56 0.188 - 145
3 0 125 9.10 0.130 5.7 496
3* 0.50 9.75 0031 406 209
5 0 098 533 0.183 0 478
4* 0.18 442 0041 0 332
10* 0.19 390 0047 0 253
7 0 1.00 845 0.119 0 67
3* 0.86 11.70 0060 184 133
Feb. 27, 1993
1 0 364 22.80 0.161 6.7 123
3 0 - 9.50 0013 0 -
3* 505 23.60 0214 0.1 39
) 0 0.59 9.75 0.060 0 57
5* 0.52 5.00 0.103 0.8 12.8
10* - 13.65 0.002 0 -
7 0 093 33.10 0.029 0 35
3* 343 3295 0.104 0.6 103
Oct. 9, 1993
3 0 0.98 383 0.255 - 418
3* 0.80 11.39 0.071 - 113
5 0 192 S0l 0.383 - 213
10* 1.13 4.60 0245 - 739
7 0 222 6.87 0323 - 233
3* 257 7.88 0326 - 352
Feb. 18, 1994
1 0 191 195 0953 28 340
3 0 096 1.33 0.691 39 292
3* 032 1.33 0.239 0 236
S 0 1.51 195 0.776 0 21.5
7 0 464 1.62 2428 153 106
3* 5.77 124 4.656 0 74

*Samples from the aphotic zone.
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Fig. 3. Vertical profiles of urea decomposition (filled
squares: total urea decomposition, open circles:
urea decomposition index). Dotted line in the pa-
nel represents the bottom of the euphotic zone.
Numbers in the panels represent station numbers.
Panel (A) represents June, 1992; (B) October.
1992: (C) February, 1993; (D) October. 1993; (E)
February, 1994.
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Table 3. Size-fractionated rates of urea decomposition. Samples were collected at the surface at Shimpo located in
the vicinity of the mouth of the Mankyung River in November 1992, and at the surface at stations | and
4 in February 1993.

Location Date & Size- Urea Urea decomposition ratc Chlorophyll @ Urea d‘;c?imposition
index
Time fractions (ugat N 1" (pmol I"' h™") % of (ug 1) % of (pmol ugChl a=' h™")
total total

Shimpo Nov. 1, 1992, Total 480 3970 - 10.7 - 371
15:00 h Netplankton 1154 29.1 29 213 398
Nanoplankton 260 65 43 396 6.0
Picoplankton nd 0 36 331 00
Bacteria* 2556 644 - - -
Stn 1 Feb. 27, 1993, Total 232 3934.7 - 228 - 1726
1700 h Netplankton 3671.4 933 114 50.0 3221
Nanoplankton nd. 0 10.0 439 00
Picoplankton nd. 0 14 6.1 0.0
Bactenia* 2633 6.7 - - —
Stn 7 Feb 27, 1993, Total 0.16 950.7 - 331 - 287
09:00 h Netplankton 9212 9.9 277 837 333
Nanoplankton 204 21 49 14.8 42
Picoplankton 92 1.0 0.5 15 184
Bacteria* nd. 0 - - -
<0.2 ym filtrate nd. 0 - - -

*Bacterial fractions including<02pm fraction

Table 4. Contribution of urea-N to the N requirements of phytoplankton production. Nitrogen requirement in phytopla-
nkton was calculated on the basis of Redfield C/N ratio of 6.6. [NH,™ dz represents the water column depth-
integrated (Stn 3 & 7, 5 m deep: Stn 5, 20m deep) ammonium production rates via urea decomposition.To
calculate daily urea decomposition rates, light period was assumed as 14 h in summer, 12 h in autumn.
and 8 h in winter, respectively. Pg and Pn represent gross and net primary production, respectively. Net
production was calculated assuming that 5% of Pux was respired (Cole e al. 1992)

Date/Station f NH,*dz Primary production N requirement Supply
(mgN m™d™") (mgC m™d™) (mgN m™d™") (%)
Pg Pn Pg Pn Pg Pn
Jun. 1992
5 846 207 193 37 34 231 248
Oct 1992
3 120 52 44 9 8 132 154
5 1.75 410 363 73 64 24 2.7
7 1.50 28 10 5 2 306 88.2
Feb. 1993
5 097 1204 965 213 171 05 06
7 3.00 2471 1864 437 330 0.7 10
Oct. 1993
3 145 5683 5399 1006 956 0.1 0.2
S 895 10847 10304 1920 1824 05 0.5
7 410 14392 13673 2547 2420 0.2 0.2
Feb. 1994
3 0.57 195 185 35 33 1.7 1.7
7 6.10 4] 39 7 7 83.6 884

73 - BRAZ AN 847 ALY AL 8 Abo] g wi(F PPt o] oF 200 mg C m™*d™!
FE9 15% o4& FFdE AtE FE YA olal) Yetyton, olejd #de ZAMZIshe ¥
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Fig. 4. A plot of total nitrogenous nutrients vs. percen-
tage of urea in total nitrogenous nutrients. Open
triangles represent data from Remsen ez al. (1974).
closed triangles Mitamura and Saijo (1975). open
squares Savidge and Hutley (1977); closed squares
Turley (1985). closed circles this study.
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