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71 Phosphorus content in 9 brands of fishfeeds
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Feed Kind of Fish Brend TP{x)
A- Carp Samyang | y.23
1 Carp Samvang I 1.54
C Carp Samyang I 1,96
D Carp Xorea, V VI 1.61
3 Carp Karea (6)) 0.83
G Carp Korea 7} 1.16
H Trout Korea 1 2.31
[ Trout Korea I 1.58
J Trout Purina 1.74
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BP (mgP/g wet weight) =90. 87 - TP (ng/g} -5. 20
— (1)
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Phosphorus  Uptaks/Fish {mg/g}

Q 0.4 0.8 5.2 1.8 2.2 2.4
TP % of Faed

X2 Phophorus uptake per growth rate of fish with
phosphorus content of feed



POP Loading/ Feed {mgP/g feed)

o T T T T T T T
o 0.4 0.8 1.2 1.6 2.2 2.4 2.8

TP % of Fend

3 Particulate phosphorus loading with phosphorus
content of feed

Phosphoius Loading{gP/kg feed)

T T T T
0.3 1.¢ 1.2 1.4 1.6 1.8 2.0

TP % of Fead

14 Total phosphorus loading with feed coefficient and
phosphorus content of feed

# 2 Phosphorus concentration of supernant above the sediment and removal efficiency by sedimentation for

settling time
settling concentration{ugP/1) sedimentation
time{hr}

TP POP DTP DIP TP(X) | POP(X)

0 2103 1622 481 289 0 0
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L 602 L7168 426 283 171 49

2 571 122 456 313 13 92

3 561 106 456 312 13 93

6 545 940 456 317 14 94

P Loading {gP/kg fead) =FP- {BF/FC} —- (2)
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HBERICAT 5 AR F RS PO Y ER e
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P Loading=FP- (0. 87 - FB/FC) + (5. 20/8C} --—- (3)
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in Add Feed Fish Upilake Phosphorus Loading Phosphorus Leading
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from Watershed frea Fishfarm
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1SIW DP!PDP
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Fishiarm LAKE
Q DP Pxq
J P =P+ — (PI¥-P} + —={P x SO+ RDD
v v
Fish Excretion Oissolved
63 toa(B1%) Phosphorus TSD = 8D x P + FOP Dutflow
in waler ¥ater
POP DP 42 ton(a1%)
31ton | 32 ton [
SEDIMENT Soluble Phosphorus = T D x 0. 327

ettt
Sedimenl 21ton (20%)

%5 The diagram of phosphorus loading from fishfarm
in Lake Soyang
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Q: WAKE (0/yr)

vV kst ()

Po : WKNOD ) > (ogP/n®)

PI : FAKD 5 (ngP/n)

DP : HMHHHHAY > AR (sgP/yr)
SR & viBE (1/yr)

SP: KRBT ER) > (ngP)
R:HRERESD) BHE (1/7r)
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T &, 1980), CORPTERKFTIEH LY 0. 001
(I/day) THBHE Uz (REPRKERERS, 1880,

Insoluble Phngphorus

6 The diagram two—box P model in Lake Soyang
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17 Model calibration results ( two—box P model )
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8 Model simulation result { two—box P model )
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Effects of aquatic animals on settling and decomposition of
particulate materials

Dog-Soo Kongl, Takehiko FukushimaZ2, Morihiro Aizaki? and Rokaya Hussein3
(INational Institute for Environmental Research in Korea, 2National Institute
for Environmental Studies, 3Tokyo University of Fisheries)

1. Introduction

The influence of macroanimals to aguatic
ecosystems has often been neglected or
underestimated because generally they
occupy a high trophic level in food chain and
their production 1s much lower than primary
production. However in some case, the
metabolic materials and non-metabolic mate-
rials excreted by macroanimals can change
abiotic environmental conditions in overall
level. Tatrai(1984) reported ammonium
nitrogen excretion by Carp occupied over 15
% of external loading in some lake. Tatrai
(1986) reported the releasc rate of
ammonium nitrogen from sediment by the
excretion of Chironomidae is much higher
than that by only bacterial decomposition.
Gardner et al(1983) reported that internal
loading by Chironomidae occupies 15 % of
total annual loading in Canadian Lake.

Gencrally the metabolic materials excreted
by macroanimals are included directly to
inorganic pool of water body, but the
decomposition mechanism of non-metabolic
excreted materials seems to be uncertain.
Heiman & Knight(1986) insisted that
invertebrates  excrele semicolloidal  fecal
pellets and the decomposition rate of those
matters should be very fast. However
quantitative researches have not been so
many on the settling and decomposition of
fecal pellets of aquatic amimals. The reason is
caused by the facts that the collecting of
fecal pellets 1s difficult and that the
differentiation of metabolic materials from
non-metabolic ones is not so simple, then
some bioeconomic specialists have some-
times applied the assimilation rate of aquatic
animals as 40 % of ingestion rate(Coffman,

Cummins, and Wuycheck, 1971).

However actually the assumlation rate
depends on the nutrient content of food, and
so the characteristics of metabolic materials
and fecal pellets are different according to
environmental conditions(Pandian & Marian,
1986). It has been reported that the settling
rate of the products produced by primary
production 1s more related to the grazing
potential by aquatic animals than the primary
productivity.

In our experiment, gold fish(Carrasius
auratus) was used as the major biotic factor
i eutrophic experimental ponds. This paper
includes some results and discussion on the
grazing polential of the small omnivorous
fish and zooplankton, on the settling of
particulate materials, and on some influence
of macrozoobenthos and zooplankton to the
decomposition of settled materials.

I. Materials and methods

Each experimental pond has 360 m3
volume and 1.53 m depth. Inflow was the
prefiltrated water of Lake Kasumikaura in
the middle region of Japan. Inflow rate was
1.8 m3/day, and so retention time was 20
days. Nitrate-nitrogen was subsided as 3.6
g/day in the form of NaNOj3 and ortho-
phosphate was subsided as 0.36 g/day in the
form of KH7PO4.

From August 4 to November 26, the
cylindrical sediment traps (glass; height 25
cm;, diameter 5.2 cm) were. deployed in
duphicate to collect the settling material.

The collecting net was designed to collect
the fecal pellets. It was composed of the fish
chamber(height 30 ¢cm; diameter 32 c¢cm), the
settling chamber of cone-type, and the cap.



About10 gold fishes were exposured for a
day or two days and the fecal pellets were
collected about every two hour.

Polycarbonate bottles(5 L) were used for
the excretion experiment of metabolic mate-
rials by gold fish. Filtrate and the raw water
of the pond were used as the test water. Ten
gold fishes were putled in each bottle and
both of bottles were putted in the surface
water of the pond. The bottles were capped
and acrated, and 300 ml was subsampled
cvery four hour. In the decomposition
experiment, the settled materials collected 1n
the diameter 30 cm polycthylene buckets
exposured for 7 days were used. Settled

materials  were putted to polycarbonate
bottles(5 L) which were setted as various

conditions and they were mcubated for 40
days at 25 9C room.

I11. Results & discussions

Biotic components and some significant
changes of the water quality in each pond are
shown in Table 1.

Dominants and individual standing crops
of zooplankton community were different at
each pond. Grazing of gold fish to
zooplankton seems to show some selectivity
for Bosmina compared to Brachionus.

Table 1. Composition of aquatic animals & water quality as average value from August 3 to

September 10.

NF-P HF-P LE-P
Gold fish
Density (No./m3) 0 58.3 58
Standing crops (gDW/m3) 0 25.54 5.17
Individual biomass (gDW) 0 (0,438 0.892
Zooplankton
Density (No./L) 1,150 112 442
st dominant Bosmina Brachionus Brachionus
Occupying (%) (46.0) (30.4) (85.5)
2nd dominant Brachionus Bosmina Nauphilus
Occupying (%) (41.0) (29.5) (5.1)
Macrozoobenthos Chironomidae  Chironomidae  Chironomidae
(Majors) Bactidae Physa acuta Physa acuta
Physa acuta
Dugesia
Chl a/seston (%) 0.44 0.83 0.54
Water PON/PP 7.03 7.95 7.99
Quality DTN/DTP 14.4 334 226
TN/TP 11.2 156 13.3

Chl a content rate Lo seston in the HF-P(fish-
abundant pond) was much higher than that of
NF-P(fish-free pond). That of LI'-P(fish-little
" pond) was interpolated as medium value.

Although we couldn't quantify the amount
of detritus at each pond, provably the
grazing potential of zooplankton seemed to
be larger than that of gold fish. The rapid
nutrient recycling by the gold fish appeared

to cause the photosynthetic activity higher.
The DTN/DTP ratio was highest mn HF-P.
The reason seems to be caused by the
difference of N/P ratio between feed and the
tissue of gold fish. The gold fish appears to
excrele ammonium nitrogen selectively com-
pared to dissolved phophorus. The growth
potential of gold fish was estimated at time
series using length-weight relationship curve.



The length-weight equation of gold fish at
the range from 4.5 cm to 8.7 cm was

W= 6.0340-10-3.(1)3.7665 (p<0.001)
I . individual body weight (gDW)
L : Body length (cm)

The intrinsic increase rate of body weight
and the density effect coeffcient were
calculated by the following equations.

dWydt = W{r-(/K)p Wit
Wy = K/f1+e(C-ri)}
r : intrinsic increase rate (1/d)
K : Maximum individual weighi(gDW)
r/K : densily effect (1/gDW/d)
C : Coefficient {in((K-Wo)/W,}

The intrinsic increase rate of the {ish in
LEF-P was higher than that in HF-P(Table 2).

Table 2. The intrinsic increase rate(r) of the indi-
. vidual body weight of gold fish, maximum

body weight(}#), and density effect (77K).

PON/PP ratio of water. The content rate was
dependent on the body weight.

P(%) =2.625-w-0.164  (p<0.001)
W : individual body weight(gDW)

Table 3. Material composition{%) of gold fish.

Water content 82.68
POM* 71.94
Ash* 28.06
Carbon* 40.99
Nitrogen* 9.87
Phosphorus* - 2.66

* Percentage to dry weight

The exerction rate of metabolic materials
was dependent on the test water(Table 4).

Table 4. Weight-specilic excretion rate(pg/gDW

/d) of gold fish at each condition.

Items Closed* Open **
Filtrate Raw

Ponds r K K C
(1/d)  (gDW) (1/gDW/d)

HFP-1 00612 0483 0.127 -0.0397
HFP-2 0.0631 0.628 0.100 0.4462
LEFP-1 0.0660 1.100 0.060  1.2340
LFP-2 00879 1256 0070 14130

Maybe it was caused by the differences of
food. Because the encrgy efficiency of fish to
zooplankton 1s higher than that to phyto-
plankton, it can be considered that the
mcrease rate i HF-P which had low
standing crops of zooplankton became low.

The density effect (77K) in HF-P was about
two times compared to that in LF-P. Finally,
it can be considered that there are a
difference in the energy efficiency by the
change of food organisms and a difference in
the density effect according to the levels of
fish-density.

The phosphorus content rate of gold fish to
dry weight was very high(Table 3), then N/P
ratioc of gold fish was much lower than

Seston 20,284 20,736 20,200
Chla 1272 1716 1556
PO4-P 96.8 04
DOP*%* 43 6 18.0

DTP 140.4 18.4
PP 2496 2908 2644
TP 3900 3092

NH4-N 1,747.2 1,476.4
NO2-N 32 0.8
NO3-N 296 256
Urea-N 99.0 119.2
DIN 23088 1,942.8
PON 1,306.4 14348 1,044.8
TN 3,615.2 33776
POC 67308 70700 6,168.0
DOC  1,190.9 1,296.6

* 5 L polycarbonate bottles,
** Collecting net of fecal pellets
*** Acid-hydrolizable phosphorus included.

In raw water, probably the uptake of
dissolved phosphorus by algac madc the
excretion rate underestimated. But the
excretion rates of ammonium nitrogen were
similar at each test water and the value was



very high compared to that of ortho-
phosphate.

Because the N/P ratio of gold fish 1s
low(Table 3), the gold fish scems to uptake
the phosphorus selectively. The dissolved
excrement which has low N/P ratio scem to
change the N/P ratio of the waler body, and
then it triggers the selective uptake of
phytoplankton for phosphorus. As the result,
the DTN/DTP ratio in the water of HI'-P was
very high(Table 1).

The excretion of Urea-N was below 10 %
of the ammonium nitrogen excretion. Most of
the uptaken carbon appears to be consumed
through respiration and the other 1s excreted
as POC 1n the fecal pellet.

Table 5 shows biocconomic budget of gold
fish to each material. It was calculated on the
basis of the content of each material n the
tissue of gold fish.

Table 5. Bioeconomic budget(1/d) of gold fish

according to cach material.

Seston C N P

Ingestion  *0.0642 *0.0583 0.0428 0.0193
Respiration *0.0393 *0.0343 - -

Urine - **0.0030 0.0250 0.005
Growth 0.0046 0.0046 0.0046 0.0046
I'acces 0.0203 0.0164 0.0132 0.0094

* estimated from seston:C:N:P ratio of food
*¥* avereted as DOC

The assimilation rate of carbon to ingestion
was 71.9 %, 819 % of the assimilated
carbon was consumed by respiration, and
110 % was used for growth. The
assimilation rate of nitrogen was 69.2 %,
84.5 % of assimilated nitrogen was excreted
as urine, and 15.5 % was used for growth.
The assimilation rate of phosphorus was 51.3
%, 53.5 % of assimilated phosphorus was
excreted as urine, and 46.5 % was used for
growth. The phosphorus content rate of fecal
pellet was high. About 70 % of excreted
phosphorus was released as the particulate
form. This result was almost similar to the
one of Ackefros and Enell(1990).

Weight-specific ingestion rate of Chla by
gold fish was 930.9 pg/gDW/d and the
released rate was 155.6 ug/gDW/d as fecal
pellet. Content rate of Chl a to dry weight of
particulate material deereased about 50 % 1n
the pellet compared to that in the water

(Table 6).

Table 6. Composition of each material in particu-
late matters of water and changes of the
composition by the metabolism of the
gold fish(Tissue: tissue of gold fish, I7:
Facces, U : Urine).

Water Tissue F U T+

C* 3725 4099 3312 - 39.70
N* 658 987 642 - 8.57
P* 080 266 1.23 - 1.93
Chla* 1.45 - 077 - 0.77
C/MN 566 415 516 0.516%* 2.33%%+

N/P  8.23 371 521 17.50 9.64

* Percentage to dry weight
*+ DOC/DTN ***(DOC+POC)/ TN

The digestion rate of gold fish was low in
the fish-abundant pond. As 1l Kasuga(1982)
reported the food selectivity of Neomysis
intermedia, the aquatic animals occupying a
high trophic level seem to have the low
digestion rate to phytoplankton.

The excretion of the metabolic and non-
metabolic materials by the gold fish showed
the conspicuous diurnal change, that ts, there
was the active period in the daylight and the
latent period in the night.

Table 7. Settling rate of fresh scttled materials
according to cach pond(exposured for
two or three days)

Seston  Phosphorus Chl a

(g/mZ/d) (mg/m2/d) (mg/m2/d)

NF-P  15.88 112.33 56.67
HEF-P 412 36.17 22.86
LF-P 825 64.94 36.87

The grazing potential of zooplankton seems
to be higher than that of the gold lish. And



then the settling rate of particulate matenals
in NF-P was larger than that in HI'-P(Table
7).

Even 1f the sediment was the fresh one
collected after exposured for about 2 or 3
days, the composition valuc of each material
in the sediment 1s very different from that of
waler as average value(Table 8).

Table 8. Composition of particulate materials in

waler and sediment.
NI--P Hi-P LI-P

Wat. Sed. Wat. Sed. Wat. Sed.
C* 252 284 2677 2v.7 270 226
N* 459 513 445 3.06 478 3.64
P* 0.68 0.82 0.65 099 0.57 0.93
C/MN 548 553 601 7.10 565 622
Chla 045 030 090 0.55 0.56 0.48

* Percentage to dry weight

The carbon and nitrogen content rate NIF-P
didn't show any difference in water and
sediment, The C/N ratio of sediment in HF-P
was higher than that in NF-P. Probably 1t 1s
caused by the dtfference of the grazing and

digesting potential between zooplankion and
gold fish. Probably the composition of non-
grazed or non-digested material scems to be
high 1n the HF-P. The Chl a content rate to
seston m NF-P was much lower in water and
sediment than that of HF-P. It seems to be
caused by the difference of grazing potential
also. The phosphorus content rate of
sediment was much higher than that of
particulate matter in the water. Particularly
the value in HI-P was highest. 1t seemed to
be caused by the accumulation of excreted
phosphorus o fecal pellet(Table 4).

As if it were estimated from the C/N ratio
of sediment, the decomposition rate of the
sediment 1n HF-P was higher than that in
NF-P(Table 9). And the decomposition rates
of scttled materials collected in 2nd expo-
sured period were lower than those of st
period. It means that the parts of the
degradable materials decreased with time.

Besides raw sediments, n order to
understand the grazing effects of aquatic
amimals to sediment, Bosutina, Chironomus,
and Physa acuta were selected. During the

Table 9. Decomposition rates of particulate materials according to exposursed period
of sediment trap and each condition.

| st (Aug.17-Aug.24)

2nd (Scp.7-Sep.14)

Conditlons e e
Seston  Chla Particulate-P Seston  Chla Particulate-P

NEF-P (A) -0.0104 -0.0494 -0.0194 -0.0127 -0.0304 -0.0124

NF-P (S) -0.0097 -0.0279 -0.0172

HE-P (A) -0.0354 -0.0724 -0.0506 -0.0244 -0.0352 -0.0332

HEF-P (S) -0.0247 -0.0498 -0.0409

LE-P (A) -0.0217 -0.0722 -0.0342 -0.0209 -0.0472 -0.0280

Fecal pellet (A) -0.0151 -0.0482 -0.0534

NF-P (A, no animal) -0.0152 -0.0237 -0.0110

NE-P (A, + chiro) -0.0180 -0.0456 -0.0169

NE-P (A, + Pa) -0.0198 -0.0534 -0.0313

NI-P (A, + Bos) -0.0171 -0.0387 -0.0183

HF-P (A, noanimal) -0.0209 -0.0547 -0.0325

HF-P (A, + chiro) -0.0325 -0.0764 -0.0416

HE-P (A, +Pa) -0.0253 -0.0554 -0.0587

HF-P (A, + Bos) -0.0291 -0.0702 -0.0569

A acration, S : static, + chiro : Chironomus 30 No./L, + Bos : Bosmina 5,000 No./L

+Pa 1 Physa acuta 40 No /L.



decomposition period, the Chl a content ratcs
in chironomid, gastropod, and zooplankton-
included bottles decreased more rapidly than
that of only the bacterial decomposition
bottles because of the grazing potential by
the animals.

The decomposition rates estimated by time
step-trapping method in-situ were compared
with the results of the incubation in Lab.
Eight sediment traps were setted at each
pond and one trap was collected every week
for 2 months. And the sediment sample was
collected every week at each interval.

The standing stocks of sediment were very
different according to ponds because of the
difference in settling and decomposition
rate(Fig.1). Apparent settling rate and
recyeling rate were calculated with the
suppositions as follow, 1) Apparent settling
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IFig. 1. Standing stocks of seston

IV. Summary

The grazing potential of the small
omnivorous  fish and zooplankton, the
settling of particulate materials, and some
influence of  macrozoobenthos and zoo-
plankfon on the decomposition of seitled
materials were discussed.

The rapid nutrient recycling by the gold
fish seemed to cause the photosynthetic
activity higher. Because the N/P ratio of gold
fish is low, the gold fish seems to uptake the

rate 1s constant at interval. i1) Decomposition
process follows the first order reaction.

That 1s, dS/dt =R - rS§

S': Standing stock of sediment (g/mz)

R . Apparent setthing rate (g/m2/d)

r : decomposition rate (1/d)

Theretore,

Stn) = S + Stn-Lexp[-r(n)t]

R() = [r(w)SI/(1-exp(-r(n)t))]

Stn) : Standing stock of n tumes

Stn-1) : Standing stock of n-1 imes

St1) : Amount collected at interval
between n-1 and n times

The decomposilion rate of seston 1n NF-P
was a little higher than that of Lab.
incubation experiment but the difference was
not so large(I'ig. 2). '

i 1
Apparent l\

Decomposed

101 — B

Rate (g/m2/q)
I M.
™

2.7 720 2024  24-282R/10-971) 9-26
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Exposured period (day)

Fig. 2. Seston budget estimated by time step-
trap method.

phosphorus selectively. The dissolved excre-
ment which has low N/P ratio seem to
change the N/P ratio of the water body, and
then 1t triggers the selective uptake of
phytoplankton for phosphorus. As the result,
the DTN/DTP ratio in the water of fish-
abundant pond(HE-P) was very high.

The metabolic materials of nitrogen was
composed of mainly ammonium nitrogen and
urea-N. The phosphorus content rate of
fecal pellet was high. About 50 % of uptaken
phosphorus was excreted as the particulate



form. The content rate of Chia to dry weight
was dccreased about 50 % in the pellet
comparced to that in seston of water,

The grazing potential of zooplankton seems
to be higher than that of the gold fish. So the
seltling rate of particulate materials in the no-
fish pond(NF-P) was larger than that n HF-
P. The carbon and nitrogen content rate in
NF-P didn't show any difference in water and
sediment The C/N ratio of sediment in HF-P
was lugher than that of the NI'-P. The Chl a
content rate to seston mn NF-P was much
lower in water and sediment than that in HF-
P. The phosphorus content raite of sediment
was much higher than that of seston in the
water. Particularly the value in HF-P was
highest.  Probably it was caused by the
accumulation of excreted phosphorus  to
feeal pellet.

The decomposition rate of the sediment in
HF-P was higher than that in NF-P. And the
decomposition rates - of settled materials

collected in 2nd exposured period were lower

than those of 1st period. That is, 1t means
that the parts of the degradable materials in
water decreased with time. During the
decomposition period, the Chl a content rate
in the chironomid, shell, and zooplankton-
included bottles decreased more rapidly than
that of only the bacterial decomposition
bottles because of the grazing potential .

The decomposition rates estimated by time
step-trapping method in-situ were nearly
similar to the results of the incubation in the
laboratory.
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Metabolic Quotients in Lake Kasumigaura Water Research Station
Experimental Ponds

Richard S. J. Weisburd! and Takehiko Fukushima2
(1Tokyo University of Fisheries, ZNational Institute for Environmental Studies)

1. INTRODUCTION

Anthropogenic  impacts  on  the
environment and the resulting  global
changes have added to the urgency of earth
system rescarch, However, biogeochemistry
and ccology have long been and continue
to  be  methods-limited  disciplines.
Measurements  of  organic  matter
productivity, a fundamental process in
shallow  aquatic  ecosystems, rcmain
controversial. Free—water  budgeting
mcthods of assessing organic productivity
have some important advantages over the
more commonly used incubation techniques.
However, quantifying all of the fluxes into
and out of a system, as is nccessary for
this approach, is often difficult. Previous
work has demonstrated that it may be
possible to improve the estimation of some
of these fluxes by developing budgets for
two rather than one component; for
example simultancously evaluating organic
production with budgets for both oxygen
and carbon dioxide (Weisburd & Kawai
1992). In this case, the stoichiometric ratio
of oxygen production to inorganic carbon
consumption, the metabolic quotient (MQ),
must be known or estimated. This
requirement leads to the question: is MQ
constant or, if not, are temporal variations
in MQ predictable? We have cxplored
these questions with in sifu incubations of
water from experimental ponds at the Lake
Kasumigaura Water Research  Station
(Rinko).

2. EXPERIMENTAL

MQ has been calculated by measuring
dissolved oxygen (DO) and dissolved
inorganic carbon (DIC) concentrations at the
start and end of two to four hour light and
dark bottle incubations of water from
Rinko's experimental ponds. MQ s
expressed as -1 times the ratio of the
molar DO:DIC change rates. The 100 m!l
glass incubation bottles were incubated in
sitt 30 cm below the pond surface. DO
concentrations were measured with a
microprocessor—controtled Winkler titration
on a Hiranuma Comtite-5 titrator. DIC
was determined at first with an ion
chromatograph and then later with a
Shimadzu TOC-5000 dissolved organic
carbon analyzer (ND-IR spectroscopic
method). Both methods were standardized
against  gravimetric  sodium  carbonate
standard  solutions  freshly  prepared
according to the DOE handbook (DOE,
1991).

3. RESULTS

Our ability to resolve changes in
metabolic  quotients depend upon the
precision of the dissolved gas analyses.
Although standard deviations of less than
0.01 mg DO I"! were achicved for samples
pickled in the laboratory, the standard
deviation of DO measurcments during
incubations and pickled at pond side was
usually necar 0.1 mg 1. The ion
chromatograph standard curve drifted during
use and measurement precision  was
unacceptable.  Therefore evaluation of the
precision of TOC-5000 DIC measurements
was conducted. The instrument is
cssentially linear over the concentration



range of intercst as indicated by * for
calibration against gravimetric sodium
carbonate standards >0.99999 (Figure 1).
Residuals  (difference  between  the
concentrations of prepared gravimetric
standards from concentrations calculated
from a linecar regression through the
standards} for the DIC measurements on the
TOC-5000 ar¢ usually about 2 uM DIC or
better (Figure 2). In addition to superior
precision, replicate sample injections on the
TOC-5000 are fully automated and analysis
time is morc than twice as fast as that on
the ion chromatograph.  An additional
advantage of the TOC-5000 is the fact that
analysis of mercury poisoned samples is not
a problem, unlike the case with ion
chromatographic DIC analysis.
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Figure 1  TOC-5000 Na,CO; standard
curve. Five replicates for each standard are
printed, however the size of the variations
betwecen replicates is smaller than the
symbol size.

w
+
¥

L X

L B}

+
hs

Residuals, uM

b g
LI B X

-

+
3 JE—
0 02 o4 06 08 1 1.2 1.4 16 18 2

[OC]. mM

Figure 2 Deviation of calculated standard
DIC concentrations (from a model 1 linear
regression) from the actual concentrations.

Measured photosynthetic quotients (MQ
in light bottles) during several experiments
(Table 1) were in or near the theoretically
expected range of 1.1 to 1.4 with only two
exceptions. The oxygen concentration
decreased during the late afternoon
incubation on 30 August for an unknown
reason leading to a negative MQ value.
On 14 September the ion chromatograph
performed  erratically leading to an
implausible MQ estimate of 5.8 for the
13:35 incubation.

Table 1. MQ measurements (= relative error
in %, see below) in Rinko experimental
ponds 1 and 2. PQ is the net
photosynthetic quotient (MQ in light
bottles). RQ is the net respiratory quotient

(MQ in dark bottles).

Datc Pond Time PQ RO
9 Aug 1 15:00  1.0%22  1.12252
16 Aug 1 10:35 1.4=14  1.1x136
2 12:04  1.3253
30 Aug 1 10:05  1.1=z4 1.9+9
1 14:40  0.8222  1.0£10
30 Aug 2 10:35  0.9+2 1.68
2 1530 -2+25 145
14 Sept 1 9:00 1.125 0.7x46
1 13:35  5.8248  0.1=08
1 14:05  0.926 0.9+13
14 Sept 2 9:26 1.1+3 0.8+14

How reliable are the MQ ratios we
have calculated and how small of a
difference between two calculated MQs can
be distinguished by the present methods?
Statistical  analysis of MQ is not
straightforward  because MQ is  not
measured directly, but rather it is the ratio
of two rates; each of which is calculated as
the rate of change in concentration per unit
time:

_ [DO] - [DO,]

Do Af




where [DO,] & [DO,} are mecans of n;, &
n, replicate DO measurements at the end
and beginning of an incubation of duration
(At) 1 hour. The corresponding DIC rate
equation has the same form. The standard
error of the difference between two means
is given by Sokal and Rohlf (1981) as:

(n, - 1) spo+ (n, - 1) s R+ on,

-9
n1+n0 &~ 1", n,

where ¢ is the standard error of the
differencc between the means of 2
replicated |DO] measurements and s; & s,
are the standard deviations of the [DO]
measurcments at the end and beginning of
the incubation, respectively. The units for
¢ arc uM. However, since these error
terms are a result of errors in sampling and
analysis of the initial and final dissolved
gas concentrations and they are independent
of the length of incubations, the error can
be divided by incubation duration to
convert it to the same units as productivity.

A rough estimate of the relative error
in MQ due to analytical variation can be
calculated by taking the square root of the
sum of the squares of the standard errors
for both the DO and DIC rates (equation
2). The MOQ relative error calculated as
below is dimensionless because both the
DO and DIC standard errors are normalized
to the DO and DIC productivity rates:

2 2
€ £
. Do bic
MQ relative error = +
PDO PDIC

If each DO and DIC determination is
done with four and five replicates,
respectively, then the MQ precision (relative
error) presently achievable is adequate to
resolve changes of =+12% when the
dissolved gas changes are on the order of
20 umol 17 over the course of an
incubation (a typical hourly productivity

rate during summer). However, with a net
respiration rate of 2 pmol I' h? as is
typical in the dark bottle, the relative eror
of the MQ ratio estimate is on the order
of £120%.

4. DISCUSSION

Three distinct sources of error in the
experiments  described  here  can  be
recognized. Water sampled from an
experimental pond might differ from typical
water from that pond. An implicit
assumption of our method is that the water
initially dispensed into all bottles for each
incubation is identical. However, metabolic
changes in the water, for example particle
settling and dissolved gas changes due to
metabolism  or  exchange with  the
atmosphere do occur while the bottles are
being filled.  We term these types of
variation sampling error. All mcasurements
have some associated error with analysis.
We term this type of error analytical. The
time zero bottles have both sampling and
analytical crror. The other bottles have an
additional source of error duc to uneven
changes during incubation. For example,
we can imagine that a bird might perch at
the ponds edge during an incubation and
shade one light bottle but not its neighbor.
This might Icad to a rcduced rate of
photosynthesis in the shaded bottle and
corresponding changes in dissolved carbon
and oxygen concentrations. We term this
source of variability development error.
Another type of development error might
arisc when some bottles contain  more
zooplankton than others. The data we have
collected until now do not permit us to
evaluate the relative importance of these
sources of variability. However we will
design and exccute experiments to quantify
development error. Increasing the duration
of incubations reduces the relative error in
both  productivity rate and  MQ
measurements while decreasing the temporal
resolution of the analysis.



Although the TOC-5000 1is an
improvement over the ion chromatograph
for DIC measurements, it does not seem
likely that its measurement precision can be
improved beyond 1 to 2 uM. However,
this level of precision is comparable with
that of the coulometric method. The TOC-
5000's ecasc of use and ability to also
analyze dissolved organic carbon make it an
attractive alternative to coulometry.

The MQ measurements presented here
are generally within the expected range.
The precision of our measurements 1S
similar in magnitude to the expected
variations of 0.3 due to the form of
inorganic nitrogen supply (nitrate or
ammonia; Williams & Robertson 1991;
Laws 1991). A factor of 10 improvement
in the currently achieved precision of
oxygen determinations in incubation bottles
would reduce the errors in our MQ
estimates, but dark bottle MQ uncertainties
would remain unacceptable. A factor of 5

to 10 improvement in the analytical
precision of oxygen titrations scems
achievable and necessary in order to

definitively address the question of temporal
variability in metabolic quotients in lakes
like Kasumigaura.

Temporal  variability in  the
stoichiometry between inorganic carbon and
oxygen metabolism in nature has not
previously been studied definitively because
it is quite difficult. Smali crrors in
concentration measurements of DO and DIC
become large relative errors in the ratio
between the two rates of change. We have
made initial MQ measurements, quantified
the precision provided by our measurements
and identified ways to improve the
estimation of MQ for natural waters. This

progress  will  facilitate  improved
measurements in the near future and
ultimately, better understanding of the

biogeochemistry of eutrophic lakes.
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Relationship between urea, dissolved free amino acids and
zooplankton biomass in outdoor experimental pond

Rokaya Hussein!, Morihiro AizakiZ and Akira Otsuki!
(Tokyo University of Fisheries, 2National Institute for Environmental Studies)

1. INTRODUCTION

Urea and dissolved free amino acids
(DFAA) represent a significant proportion of
dissolved nitrogen in the water, and could
provide an important sources of nitrogen for
the growth of microalgac. The processes
related to zooplankton activities have an
effect on the relcase of urca and DFAA into
the water. The "sloppy feeding" ingestion and
cgestion cause release of DFAA, and
zooplankton excretion could be as one of the
important source of urea production in the
water.

This report presents results of an out
door experimental pond study on the
relationship between zooplankton biomass
and the concentration of urea and free amino
acids in the period from August, 6 to
September, 14 of 1992.

2. MATERIALS AND METHODS

Water samples were taken from an out
door cxperimental pond of about 30 m®in
volume at "Rinko". The samples were filtered
through GF/F glass fiber filter and kept
deep—frozen (-20° C) before analysis. Urca
measurements were made using the diacctyle
monoxime mcthod of Rahmatuilah and
Boyde (1980). This method was modified and
automated for a Technicon Auto—analyzer by
Whitledge et al. (1981), and further
modification was made by Price and Harrison
(1987). As carried out by Price and Harrison,
this method is more accurate and precise than

the urease method. Dissolved frece amino
acids were analyzed using reversc~phasc high
performance liquid chromatography (HPLC)
method giving by Clements and Hilbish
(1991). Here, the amino acids are complxed
with the fluorescamine compound and made
fluorescent.

3. RESULTS AND DISCUSSION

Two clearly major peaks were appcarced
in urea concentration as shown in figure 1.
During the first week of the experiment, urea
concentration in pond 1 & 2 showed no
difference to the concentration of inflow
water (< 1 umol/l). After that the
concentration was increased rapidly giving
the first peak on the tenth day of the
experiment with maximum value of 5.3 and
4.2 umol/l for pond 1 & 2, respectively. This
high concentration of urea did not persist for
longer than a few days, and then rapidly
decreased to reach the level of inflow water
with minimum values of 0.5 and 0.4 umol/l
for pond 1 & 2, respectively. This low
concentration of urca was immediatcly
followed by gradual increase in the
concentration climbing toward the second
peak on the twentieth day of the experiment.
As observed in figures 2 and 3, the first pcak
of urca was correlated with the maximum
number of zooplankton (the dominant specics
were Brachionus, Bosmina and Moina) which
follow thc minimum concentration of
chlorophyll a (Fig. 5). This observation was
confirmed in pond 6, when zooplankton peak
was shifted to appear at the end of second



week of the experiment, urea concentration
was also started to increase in this period
reaching to the maximum level by end of the

second week (Fig. 4). Therefore, the first

peak of urea might have resulted from the
cxcretion of zooplankton grazing on
phytoplankton. Bidigare (1983) reported that

" copepods grazing on phytoplankton excrete

more nitrogen in the form of urca than do
carnivorous. This suggests the significant role
of herbivorous zooplankton cxcretion in the
appcarance of the first peak of urca
production in the water.
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Figure 1 Concentration of Urea-N in ponds No. 1 & 2
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Figure 2 Zooplankton biomass expressed as number of organisms per liter and urea

conc. in pond No. 1
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Regarding the dissolved free amino acids,
the concentration showed a slight variations
ranging from 1.5 to 4.6 umol/l with a small
difference to the concentration of inflow
water (Fig. 0).

This might indicate that DFAA utilization
closely to the DFAA were released, therefore
the dissolved amino acids neither
accumulated nor disappearcd appreciably
compared to the changes of |urca
concentration. By cxamining the dicl
variation of DFAA (Fig. 7) it was noted that
the peak of DFAA of about 5.5 umol/l
occurred at 18:00 perhaps resulted from the
rclease of DFAA during "sloppy feeding” of
grazer zooplankton. During feeding, damaged

algac and releasc of dissolved organics from
zooplankters contribute nutrients to the water,
as obscrved for Daphnia pulex (Lampert
1978). This high concentration of DFAA in
the evening were rapidly decreased to low
concentration of about 3.5 umol/l by the
early morning at 4:00 that might be due to
the heterotrophic activity. During the morning
and early afternoon the levels of DFAA
remain exceedingly low. This may indicatc
that phytoplankton released a small amount
of free amino acids during photosynthesis as
explained by Sharp (1977). The magnitude of
the night to day drop in DFAA was about 2
umol/l within < 6 h . This result agrec well
with that obtained in Baltic Sca by Mopper
and Lindroth (1982).
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Figure 6 Concentration of dissolved free amino acids in ponds No. 3 & 4
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Figure 7 Diurnal variation of dissolved frec amino acids from 6 to 8 August 1992 in

ponds No. 3 & 4



4. CONCLUSION

The processes related to production of
dissolved organic nitrogen in the water were
the cxcretion of urca by zooplankton and the
releasc of dissolved free amino acids during
feeding activity of zooplankton.
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HEhiz, DINOFRIFRIMETT48/1, ABEEED
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815.8/1 LHEFED 138 e/l & D EMHEVETH 57z,



ARESEnREE 11RO W2ug/l, BIEZ 4RO
193 208/1 THoT=0 DINEPONEE LI=T-NEEHX 108
512 BIC P TERMETHRE L.

FEERB AR ER OFRITHE20. 66 ng/l Tho7z
BRIEREOREII0AO 25.23 vg/], BiED (A0
15. 85 mg/] THotm. MEIBAKIE (POC) DFERGT
POfElEs. 17ne/1, BRIESEOREE 1280 471 ng/
1, BEZIBO 2.00 g/]1 THoT=e C/NILLOFEEES
i 5.3, SAPLILARPITEP .

WECERE 2 HhNT, 1000EMIERBIENE, SESOR
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RTEU R o7z KH, 1806 LARFT TR
OREBETH A RaphidiopsisDE BN R 6, WM
B BORESEP WA HIES h 57 PHIE LIRR >
FAKEERET Uz R LETREROET
Rbh3, AFEO LRERERD ST

2% X

FRMESTEA (1000) - ERaMISERAMERS SRR A DA ERE
R, By R ERER TR R AR EE
-, 108-122.

fREFSTeh (1091) : ERAIEERMBRRSERRANIK DK ERIE
FER, BRSBTS R -
-, §4-108.

FRSSFEL (1902) : REWASSRAMERRSERE AWK OACEAIE

R, B TR R R R R SR AR -6
-, 69-80.

HESTaA (1093) : EEMREERSERAMKOKERE
R, B R R R R T
-, 85-78.

K R ATRECK - AESTEh (1984) - BoicBil
HEFRCHEOMMA, EAERATRARE,
$#ilE, 1-10.

#1 BrmkBET—5 BEHHE (1892, 4~1093.3)

TP NHg-N_ NOo- Chl-a Phyco, SS_POC PN CA

(ugfl)(ua/l)(#g/l)(#g/l)(#3/1)(#3/1)(#g/l)(ugfl)(usll) (mg/1) (mg/13( mg/l) (ug/1)
4H %2 3 55 21 12 506 864 4l.0 3 19.61 2.09 333 6.3 1197
5H 9 33 8l 85 18 205 817 4.9 27 2.4 213 366 68 98l
68 10 15 &7 12 5 27 449 421 124 15.66 2.31 423 55 8T
b= 12 14 8 2 5 69 561 39.6 97 1620 2.88 563 5.1 1124
88 1 39 106 8 42 80 794 6l.4 175 1641 2.26 457 5.0 1251
95 % 4 107 3 6 54 662 52.0 192 19.25 3.0 618 4.9 1280
108 3 36 120 49 11 63 718 632 222 2528 3.40 717 4T 1437
118 %5 33 125 ST 13 55 722 T7.4 546 24.62 4.85 976 4.8 1698
12F3 20 3% 118 24 13 248 945 639 409 21.63 4.71 1042 4.5 1987
18 ]2 18 T 13 10 467 1099 53.4 30 1680 3.00 558 5.4 1656
2 5 20 TP 6 11 547 1119 5.7 6 25.2 3.23 560 5.8 167
35 12 19 8 15 8 176 T4 T77.4 40 258 441 71 5.7 1484




BrHkBEF—42 (10025F4A 18 ~10034E4714H)

Date PO4-P DTP TP NH4 NOZ NO3 DTN Chl-a Phyeco. 58 PocC PON C/N

( ug/1 ) (mg/1) {mg/1)(ug/1}
§2/04/01 11.35 1.66 256 6.5
92/04/03 23 42 65 35 12 501 8§92  45.1 23,05 2.43- 3%3 6.2
92/04/06 29 35 52 34 1 851 1221 25.1 23.2% 1.53 231 6.6
92/04/10 30 il {9 16 11 448 B35  39.13 - 18.50 2.07 336 6.2
92/04/13 31 36 10 19 i3 604 924 60.1 23.55 2.39% 415 6.2
32/04/15 19 27 36 13 15 400 735  41.4 3 16.75 2.09 328 5.4
92/04/17 21 3% 5% 20 12 505 324  57.9 3 26.35 2.76 43T 5.3
92/04/20 13 33 65 18 21 5Bl 905  45.3  15.40 2.14 362 5.8
92/04/22 $ 31 61 12 9 364 698  42.4 8 22.73 2.40 375 6.4
92/04/24 26 30 53 25 11 417  §83  36.¢9 8 19.55 1.90 298 6.4
92/04/27 22 26 88 22 10 356 710 28.2 7 15.20 1.46 234 4.1
92/05/0% 13 22 98 138 24 230 671  49.9 9  46.80 3.15 492 6.4
92/05/06 14 1% T3 25 18 296 60T  32.1 33 21.15 2.03 355 5.7
$2/05/08 13 15 59 32 16 394 701 26.17 31 13.10 1.55 268 5.8
92/0%/11 4 18 298 11 16 162 603 170.6 14 86.90 1.33 12490 5.8
92/05/13 26 ad 85 67 117 197 583 26.1 11 11.55% 1.45% 258 5.6
92/05/1% 16 34 5% 33 7 4% 387 32.1 63 10.25 1.63 307 5.3
92/05/1% 36 4% &1L 86 31  i80 636  35.1 9 12,70 1.76 299 5.7
92/05/20 19 19 55 38 10 94 435  20.8 13 8.80 1.48 251 5.9
92/05/22 26 27 65 95 18 296 799 17.3 4 9.%5 1.09 184 5.9
92/05/2% 17 27 80 84 22 198 161  35.% 31 21.80 2.30 409 5.6
92/05/21 g 20 40 49 14 159 592 14.3 8 6.55 0.89 136 6.6
82/05/2% 8.53 0.99 178 5.6
92/06/01 9 18 53 3 5 31 394 46.1 161 pr. 2% 1.93 355 5.4
32/05/03 8 16 50 5 2 3 {16 36.6 131 9,80 2.34 342 6.8
92/06/05 12 15 62 i 3 813 5%6 29.1 64 10.95 1.76 284 6.2
92/06/08 5 11 52 8 { 1 g8 44,0 229 12.3%  2.44 443 5.5
92/06/10 i0 11 5% 2 3 6 390 38. 4 20T 10.40 2.02 369 5.5
92/08/12 14 1% 61 26 12 713 645 31T 43 11.35 1.44 261 5.5
92/06/15 3 16 5% 78 12 T4 676 33.8 23 10.15 1.50 2813 5.3
92/06/17 11 13 50 2 5 15 410  40.3 158  10.90 2.25 413 5.4
92/06/i9 11 18 15§ 1 i 9 313 40.1 136 11.80 2.20 427 5.1
92/06/22 10 10 T4 2 4 6 364  46.0 132 13.65 2.36 4718 4.9
92/06/24- 14 14 102 21 2 27 458  57.0 50 51.60 3.75 G698 5.4
902/06/26 18 18 95 3 2 20 398 51.8 146 21.75  2.99 561 5.3
92/06/29 I1 id 89 3 2 1 el SL. T 137 17.3¢ 3.10 57¢ 5.4
92/01/01 9 11 98 18 5 154 521  52.% 95  30.40 3,05 602 5.1
92/07/03 13 13 87 4 1 184 523 3z 0 51 18.7% 2.170 514 5.3
92/07/08 10 11 13 10 4 140 617 40.5% 107 13.9% 2.41 513 1.1
92/07/08 & 10 14 2 4 13 {66 40,6 84 13.1¢  2.9% 583 5.1
92/01/10 ] 10 79 4 2 7 4212 4.0 118 16.80 3.45 633 5.5
92/01/13 19 19 120 21 1d 89 536 56.8 89 22.30 1,384 809 {.8
$2/07/15 19 11 70 35 3 21 380 37.7 126  14.40 2.57 522 4.9
92/071/11 13 13 9¢ 3 2 24 509  49.0 125 19%.90 3.57 68T 5.2
92/01/20 17 i1 8% 2 41583 113 107 21.00 2.91 585 5.0
92/07/212 6 A2 73 3 1 1 5371 41.5 62 13.30 3.15 562 5.6
92/01/24 12 12 T8 i 5 34 542 30.0 1.5 2.92 5212 5.6
92/07/27 . & 16 a1 1 3 29 623 40.0 14.15 3,14 623 5.0
92/07/29% 12 17 58 1 3 53 647 25.1 9.20 2.104 392 5.5
92/01/31 11 29 T2 131 11 69 814 24.% 1.56 336 {.6




Date PO4-P DTP TP HH4 NO2 NO3 DTN Cht-a Phyco. D) POC PON C/N
( ug/1 Y (mg/1) (mg/1){ug/1)

92/08/05 35 47 137 213 278 215 953 54.8 306 25,50 3.00 639 4.7
92/08/07 T2 T3 170 342 21 61 943 44.5 1786 22.65 2.68 536 5.0
92/08/10 47 57 154 84 18 836 B%2  56.4 149 17.85 1.65 305 5.4
92/08/12 25 42 11 98 7 123 955  99.8 143 10.00 1.78 367 §.8
92/08/14 16 18 70 3 65 117 54.3 168 14.20 2,17 463 4.1
92/08/17 20 28 32 1 2 36 2.2 67 10.65 2.11 403 5.2
92/08/19 33 40 132 44 14 83 B5%  64.3 102 20.75 2.14 390 5.5
92/08/124 19 2% 6% 16 3 55 591 82.1 118 12.50 2.14 £31 5.0
92/08/28 29 31 83 35 2 62 594 53.3 164 15.35 2.28 457 5.0
92/08/31 31 32 41 34 4 64 566 52.5 370 14.60 2.6% 579 4.1
92/09/02 22 13 61 14 2 5 593 37.2 151 12.20 .97 410 4.8
92/09/04 22 35 76 44 3 68 520 39.4 120 12.00 2.35 438 5.4
92/09/07 38 38 117 53 | a5 679  54.2 287 15.15 2.58 573 4.5
92/098/09 59 60 172 50 15 81 953 79.3 299 34.10 4.20 839 4.9
92/08/12 54 60 166 49 10- 5§ 716 B89.8 424 44.95 539 1100 4.9
92/08/14 46 48 TT 40 11 93 106 6.3 210  28.55

92/09/16 19 28 126 20 3 45 504  41.6 136  11.25 2.121 478 4.8
92/09/18 45 50 121 A7 13 86 802 62.5 263  22.20 3.37 713 4.7
92/09/2t 25 30 16 41 3 18 555  43.6 152 11.90 2.137 507 4.1
92/09/24 i8 24 69 5 4 30 551 32.2 82 10,75  2.43 442 5.5
92/09/25 80 65 171 50 8 19 803 T4.8 111 28.80 4.90 1044 i1
92/09/128 12 36 91 15 4 {9 602 341 139 11.25 2,53 484 5.2
92/09/29 14 20 66 25 4 33 517 31.1 12¢ 7.20 1.79 369 1.9
92/10/02 14 29 65 3 3 25 528 34.0 108 10.00 1.77 387 4.6
92/10/05 53 52 217 34 3 13 7133 88.3 290 40.60 5.24 1165 4.7
92/10/07 25 43 134 21 18 87 895  66.6 110 26.85 3.23 657 4.8
92/10/08 4T 49 143 31 19 51 950  716.7 196  34.85 4.38 8B8 4.9
92/10/12 25 26 B! 28 4 16 517 1.7 165 14.50 2.74 569 4.8
92/10/14 17 25 68 18 4 31 543 36.1 130 £0.60 2.01 463 4.3
32/10/16 11 12 156 81 17 46 L1410 T74.8 106 24,90 3.21 662 4.8
92/10/19 12 18 67 68 § 113 615 43.0 96 11.865 2.0% {83 4.3
g2/10/21 36 36 187 125 11 111 125  90.4 225 66.70 5.85 1237 4.7
$2/10/23 61 &7 17% 100 42 140 1405 83.1 148 3310 3.58 712 5.0
¢2/10/26 14 18 97 48 11 116 689  68.5 5535 20.95 3.75 826 4.5
92/10/28 12 15 81 31 § 2% 654  57.6 398 17.70 3.07 652 4.7
92/10/30 9 12 84 44 5 18 557  §0.3 354 16.30 3.128 684 4.8
9z/11/04 24 29 171 BT 35 86 1155  74.1 60 §3.80 5.32 1097 4.9
82/11/06 18 21 107 40 ] 8 547 70.6 558 17. 45 4.31 899 4.8
92/11/09 21 23 121 52 10 &b 666 84.1 598 26,65 4.31 971 4.4
92/11/11 27 271 1371 69 10 57 616 95.4 442 24.20 4.83 1147 4.2
92/11/13 71 13 107 49 8 15 579 15.3 721 15.10 3.47 738 4.7
92/11/18 19 20 108 31 7 25 557 72.8 631 17.75 5.08 928 5.5
92/11/18 55 67 145 85 29 102 1127 14.2 156 36.60 4.32 851 5.1
92/11/120 29 31 122 10 ] 37 605 91.1 9§72  25.95 65.14 1265 4.9
92/11/24 17 18 104 47 § 3 12t 70. 6 865 14.25  4.35 906 4.8
92/11/2% 27 58 151 63 21 159 848 68.8 433 24,70 4.55 993 {.6
92/11/30 18 46 105 40 7 17 516 74.9 626 14.35 4.59 947 4.9




Date PO4-F DTP TP NH4 NO2 NO3 DTN Chi-a Phyco. Ss POC PON C/N
{ ug/1 Y (mg/t) (mg/1){ug/1)

92/12/02 25 51 147 8 3 33 578 B1.4 8§53 24,40 6.08 1231 4.9
$2/12/04 15 49 148 24 20 231 965 63.9 536 28.8Q¢ 5.06 1062 4.8
92/12/07 i5 {7 1468 25 29 203 1106 74,7 {14 3i.00 5.51 1167 4,1
82/12/09 19 54 100 64 11 256 790 67.2 576 15.85 4.13 934 4.4
92/12/11 {2 £3 1582 3z 25 £41 1569 64, T 241 32.16 B8.82 1907 £.6
92/12/14 26 38 139 317 11 339 1033 74.3 426 31.45 £.81 1129 4.3
92/12/16 18 29 89 1 1 262 B34 63.3 {02 13.20 3.%2 B50 4.2
92/12/18 19 219 94 1 6 154 721 53.0 414 14.50 3.81 906 4.2
92/12/21 19 26 109 8 I 718 63.4 294 23.40 4.130 987 i.4
92/12/15% 2 13 82 39 6 330 884 49.6 198 13.3% 3.11 728 4.3
92/12/128 17 70 1080 47. 1 83 10.20 2.62 565 4.6
93/01/04 213 Z5 86 13 8 302 1015 52.3 44 18.05 3.19 642 5.0
3$3/01/06 10 1% 6% 17 8 311 872 57.1 16 11.45 2.81 540 9. 2
83/01/08 3 15 68 7 1 303 912 {6.0 21 11.70 2.83 542 5.4
93/01/11 13 14 74 17 9 340 1075 §4. 90 33 17.65 2.94 571 5.2
93/01/13 4 1§ 63 15 9 278 1014 40. 9 28 10,10 2.38 412 5.0
43/01/18 25 38 86 18 12 408 1155 53.9 30 28.15  3.57 6§39 5.8
93/01/120 b 11 54 14 13 177 1383 {1.86 23 12.1%  2.12% 119 5.4
93/01/12 T 13 63 [ 16 848 [309 45.9 13 13.30 2.460 {56 5.7
93/01/25% 10 36 75 10 11 607 1153 62.6 33 22.10 3.24 582 5.6
93/01/21 12 14 %5 14 10 608 1187 83.0 {8 31.15 4.125 751 5.1
93/01/29 14 1% 56 2 6 358 910 58.8 24 11.95 1.84 520 5.9
93/02/01 14 15 31 1 10 734 1310 52.1 1 25.30 3.19 554 5.8
93/02/03 9 16 78 9 11 411 1142 56.1 [ 26.15 3.8% 615 6.0
93/02/05 14 14 36 13 11 585 1221 £0.3 1 24.20 2.54 439 5.8
$3/02/08 12 15 59 1 13 597 1146 41. ¢ 3 25.95 3,04 528 5.8
93/02/10 18 20 80 3 ] 572 1013 45. 8 [} 17.95 2.91 303 5.8
93/02/12 16 20 T4 7 10 569 11068 {9.8 5 21.506 3.03 501 6.1
93/02/15 20 25 105§ [ ¥ 663 1297 4.1 8 313.25 341 616 5.6
93/02/11 117 23 70 1 11 430 970 §4.0 5 17.95 3.0% 541 5. 6
933/02/19 13 25 18 1 % 3717 944 66.0 4 22.20 3.36 606 5.9
93/02/26 21 22 102 10 15 465 1034 64,7 10 318,40 4.01 6949 5.1
93/03/01 13 18 83 1 9 8¢ 933 §71.0 13 28.6% 3.69 661 5.6
93/03/013 9 16 102 1 12 333 908 14.3 154 41.55% 4.8% 840 5.8
93/03/05 12 22 66 1 7 236 784 57.1 11 16. 95 3.31 570 5.8
93/03/08 13 23 T4 [ [ 185§ 739 64.9 10 21.7% 3.54 6249 5.6
93/03/10 13 17 938 3 3 409 951 10.9 20 34,95 4.123 760 5.6
93/03/12 12 i 73 I 9 233 142 79.0 22 20.00 3.84 694 5.5
93/03/15 13 27 T2 1 9 157 654 78.6 22 18.40 3.94 712 5.9
93/03/11 12 19 70 1 9 54 539 73.3 23 18.75% 4,11 737 5.6
83/03/19 12 i5 87 {4 9 172 693 90. 2 16 30.20 5.04 894 5.6
93/03/212 8 4 78 49 4§ 3 500 88.5 28 22.50 5.08 883 3.8
93/03/126 11 14 78 42 ] 119 626 6.1 20 24.65 4.74 7949 5.9
93/03/29% 3 15 1 31] 16 4 Iy 552 82.6 4b 32.45 5.66 899 6.3
$3/03/31 3 11 B0 23 B 2 656 102.9 1317 21.85 5,24 940 5.6
93/04/02 1 12 39 17 5 78 713 96.3 78 30. 40

43/04/05 18 17 159 31 13 10 630 51.17 21 {2.80

93/04/07 23 10 84 { 4 5 607 93. 1 134 21.85%

93/04/0¢ 22 11 87 1 3 1 532 8§31.6 103 24. 40

93/04/12 22 19 96 12 3 1 583 104 28.65

93/04/14 1% 14 102 69 9 185% 912 26. 7%
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