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VARIABILITY OF METABOLIC QUOTIENTS IN LAKE KASUMIGAURA PLANKTON

Richard S. J. WEISBURD! & Takayoshi KAWA]'

ABSTRACT

Mass balance methods have many advantages over other techniques for the measurement
of net organic production in aquatic ccosystems, however their use has been limited by the
difficulty in cstimaling some of the spurces and sinks in the budgets under study.  When the
metabuolic quoticnt is known and both vxygen and inorganic carbon mass balances are evaluated
simultancously, it becomes possible o independently solve for ene source or sink term which
appears in both equations.  Here we demonstrate this method by evaluating the exponent on the
wind speed term in the gas exchange cquations for both oxygen and carbon dioxide. The value
and variability of the metabolic cocfficient upon which this new method depends are examined
with a survey of the lileraiure and initial measurements for Lake Kasumigaura plankton.

1. INTRODUCTION

The chemistry of shallow aquatic ccosystems is dominated by the metabolic processes of
living organisms, particularly oxygenic photosynthesis and its reverse reaction, acrobic respiration.
Conversely, the net rates of these metabolic processes can be inferred from the rates of change
of the reactants in the water,  Photosynthesis utilizes fight to reduce inorganic carbon yielding
organic matter while consuming inorganic carbon and water and producing molecular oxygen.
If reactions which consume and release dissolved oxygen (DO) and dissolved inorganic carbon
(DIC) other than phutosynthesis and respiration are relatively insignificant in magnitude, then net
community productivity, can be determined with simple mass balance budgets for O, or CO,.

The mass halance approach has substantial advantages over estimaies derived from the
more widcely uscd incubation techaigues. The environment of the water contained in an incubation
bottle differs from that of water outside the bottle,  Therefore the rates being measured in the
incubation arc likely to differ from those oceurring in the water outside of the container due to
the changes to the light ficld', metal contamination®, and other changes. Unlike the frec water
npbrn:nch. incubation mcasurcments arc difficult to automate and typically provide poor tempaoral
resolution of the rates under study.  Automation of free waler methods is usually casy. Howcever,
the difficulty in constraining all fuxes of O, or €O, into and out of the system have limited the
application of this approach in naturat systems. 1f the ratio of net community oxygen production
{o inorganic carbon consumption (the metabolic quotient’) is known, then calculating the budgets
for both of these pases simultancously can provide, in addition to estimates of in situ productivity,
the means to independently solve for another flux term which affects both gases. The independent
solution Jor this additional term in the mass balance equations can improve the estimates of an
important flux into or out of the system. Making the assumption that this metabolic quotient is
onc and constant, we have demonstrated this approach by cvaluating the exponent on wind
velocity in the oxygen and carbon dioxide gas exchange cquations. The method has been

1 Global Environment Division, National Institute for Environmental Studies, 16-2 Onogawa,
Tsukuba, Iharaki 305, Japan

This MQ is similar to the more commonly uscd photosynthetic quotient, PQ. We use MQ
o cmphasize that this ratio is a net community value including the metabolism ot both
heterotrophs and autotrophs,



developed with data from six large (40 %), hexagonal, experimental tanks (mesocosms) near the
shore of Lake Kasumigaura.

2. EXPERIMENTAL

2.1 Site and sampling

The surface arca of cach tank is 23.5 m® and depth averaged 1.6 m during the experiment.
Hourly net organic production rates in the tanks have been estimated from oxygen and inorganic
carbon mass batance budgets for the period from August through December of 1991, The budgets
were based on pH and dissolved oxypen concentration measurements (laken automatically at five
minute intervals) and on frequent alkalinity measurements. The turnover times of the filtered lake
water flowing into the tanks were about 20 days, similar to the turnover time of water in Lake
Kasumigaura's Takahamairi Bay.

2.2 Mass balance cquations

Net systewmy organic productivity has been calealated for cach hour for cach of the six
mesocosms by means of mass balance models; onie for inorganic carbon and another for oxygen.
Both cquations take the following form, here iltustrated with the DIC mass balance:

M g _F -F, +F M
dt i [} b g

where M s the mass of DIC in the mesocosm, F, is the fTux of DIC into the mesocosm with the
inflowing filtcred lake water, T is the flux of DIC out of the mesocosm with over ltow water. and
F, is the net in situ uptake of DIC from the mesocosm water. This and laler expressions are
ideatical for Q, except that O, terms are marked with a prime and the sign of F is opposite to
that for F, so that positive valucs {nct community production) correspond to oxygen production
and inorganic carbon consumption.  The net invasion of CO, from the atmosphere into the
mesocosm, F, is calculated via an equation from the literature™

F, = App K /D Uy @

where App is the CO, partial pressure gradicnt from the atmosphere to the water, K is a multiple
of the water's kinematic viscosity, D is the molecular diffusivity of CO,, and Uy, is the wind
velocity 10 meters above the water surface. The critical assumption necessary to caleulate net
community productivity is that F, the in situ {lux, is due exelusively to reactions which produce
or consume organic matter. At constant volume (V) cquation 1 can be rearranged:

_y & 3)

Fb:Fw(CwﬁC)i’Fg d
t

where F, is the mte of inflow of filtered lake water, Cis the concentration of DIC in the tank,
and C,, is the concentration of DIC in the inflowing water.

3. RESULTS

Despite the independent caleuiation of net productivity mtes with the oxygen and inorganic
carbon budgets, the two mass halances yiclded very similar hourdy rates of nel community organic
matter production (Fig. 1).
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Fig. 1 Pond 3 productivity in late summer 1997 from DO and DIC mass balance cquations
The Targer differences between the two productivily rate estimates seem to correspond to
periods with higher wind velocitics (Fig. 2). The exponent on wind velocity in the gas exchange
equation (1.5 in equation 2) is poorly constrained and may vary in response fo the lopographical
features surrounding a waltcr body. Therefore, the correspondence between higher wind speeds
and larger disercpancics between the productivities derived from the two mass balances suggests

that the wind speed term in the gas exchange equations could be an important source of crror.
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Fig. 2 Wind velocity (dotted line, right axis) and the discrepancy between productivity
estimates from the oxygen and inorganic carbon mass balances (solid line, left axis)




4. DISCUSSION

4.1 Solving for an additionat mass halance term
By assuming that the metabolic quotient (MQ= —AQ/ACO, = /%) of in situ production
is unity and constant, we can treat exponent on wind velocity in the gas exchange cquation as a
variable, x, and sobve for it. First we equate the oxygen and carben versions of equation 3:
dC dc’

FW(C.,-C)H*"K—VE=FW(c’-c‘i)-st+VF (4

Now substituting equation 2 for F_ and F" with x in place of the exponent 1.5, it is trivial to solve
for x:

/
F,(C+C'-C, -cCl+y| ., d
1 dt dr
n (5)
K (app’ VD" + App D |

x = :

In U,

Applying this equation to the fall 1991 data yiclded reasonable values for the exponent on wind
velocity in the range from about 1 to 5.

4.2 Is our assumption of a constant MQ reasonable?

How likely is it that the metabolic quotient is constant, as we assumed for the above
analysis? Consider the stoichiometry of the simplificd reaction for photosynthesis and respiration
of glucose:

6CO, + 6H,0 = 6CH,0 + 60, (6)

Ctearly the MQ for this reaction is unity and will not vary. Howcever, naturally produced organic
matter is not identical in stoichiometry o glucose, Using ‘average algal biomass', it is simple to
calculate the stoichiometry for photosynthesis and respiration, given cither nitrate (equation 7) or
ammonium {cquation 8) as the nitrogen source®

106C0O, + 16NO, + HPO; + 122H,0 + 18H" = CoH,,0,0N, P + 1380,

106C0O, + 16NH, + HPO, + 108H,0 = C,oH, .0, NP + 1070, + 144* &)

The stoichiometry is sensilive to the form of nitrogen used for production because the nitrogen
in organic matter is amino nitrogen. If the source nitrogen is a more oxidized form such as nitrate
il must be reduced within the cell before use, consuming photosynthetic reducing equivalents in
the process.  Thus photosynthetic production of one mole of typical algal biomass with nitrate
yickls 138 moles of oxygen compared to only 107 moles of oxygen produced during production
of identical organic matter with ammonium as the aitrogen source.  Recent studies™ have
explored hoth the theoretical and reported values for the photosynthetic quotient (PQ} which is
another name for the metabolic quotient as defined above. Laws® considered the reported range
of algal cell composition in detail and calculated the PQ for photosynthetic production from
inorganic precursors of cach component (proteins, polysaccharides, lipids and nrucleic acids) with
cither nitrate or ammonium as the nitrogen source. Nitrate supported atgal photosynihesis yielded
a PQ of 1.1 while ammonium supported growth gave a PQ of 1.4, On a given nitrogen source,
PQ varicd by only 0.1 for biochemical compositions covering the range reported for algal cells.



Usiog dircet measurements of oxyeen and inorganic carbon fluxes. Williams & Robertson®
found that cssentially all of their PQ observations felb within the range of 1.0 to 1.36, in
agreement with the caleulation of Laws. Both Williams & Robertson® and Laws' conclude that
the numerous published reports of higher PQ values are duc 1o various crrors, particularly the
comparison of MC carbon measurements with dircet oxygen measurcments in calculations of PQ.
While the oxygen method can yield estimates of gross productivity, the *C method seems to yield
production estimates which fall somewhere between the true net and gross rates”. PQ also seems
to vary in response 1o changes in oxygen tension®. The decrcase in PQ at high oxygen tensions
(Fig. 3) is consistent with photorespiration.  Gallegos et al.’ found evidence of temporal
decoupling of oxygen production and carbon uptake.  Clearly an assumption that MQ is unity and
constant is likely to be in crror.
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Fig. 3 PQ versus the DO concentration in Glenodinium sp. coltured at 20°C. Initial DIC
concentration was 1.8 mM. Cells were bubbled bricfly wilh: nitrogen (circles), air (squares},
or oxygen {triangles).  Reprinted from Burris (1981) with permission

4.3 Effect of varying MQ on the method

The solution to cquation 5 for the case where MQ is not unily is straightforwarl.
Assuming that our assumption of MQ=1 was incorrect and that the proper value was MQ=1.4, we
have solved the equations for x with data from one of the experimental ponds. This 40% increase
in the value of MQ uscd in the cquations resulted in a change in the caleulated value of x ranging
between 5 and 50%. Such a large error in the value of this exponent, X, is not acceptable. In
order for the approach we have outlined above (equalion 5) to be uscful, we must know the value
of MQ and also how large variations in this ratio arc likely to be.

4.4 MQ in Lake Kasumigaura

PQ for Lake Kasumigaura plankton has been estimated to be LO5 via light and dark
oxygen bottle incubations and HPCO,™ bottle incubations'.  However, 'C incubations. like
incubations with “C, arc likely to estimate productivity somewhere between the true net and gross
rates thus overestimating PQ.  Also, these measurements were all made during the light period
and so say nothing aboutl temporal variations. Reeent methodological advances make it possible
to measure changes in DIC with great precision, thus avoiding the potential problems involved
in using an isolope tracer for carbon uptake in MQ mcasurements.  In particular, ion
chromatographic analysis of DIC can now be conveniently done with a precision of better than




0.5% (Y. Nojiri, in preparation).  We are conducting  determinations of MQ in the Rinko
mesocosms using an automated Winkler titration to determine oxygen changes and the ion
chromatograph for DIC changes. Net MQ ranged from 1.0 to 2.1 during three incubations
conducted on (wo Scptember 1992 dates in the Rinko experimental ponds. These preliminary
measurements must be repeated.

5. CONCLUSIONS

Mass balance analysis of aet community productivity is not widely used in Japan despite
its substantial advantages over standard incubation methods.  Our work has demonstrated the
application of this approach tn a model system. Here we have used both the DO and DIC budgets
together to independently solve for the exponent on the wind speed term in the gas exchange
equation.  This approach could make mass balance methods more adaptable for applications to
lakes and other natural systems by solving tor this exponent on wind speed or other poorly
constrained terms in both the DO and DIC mass balance cquations.  The advantage of applying
this selution will depend upon how well we will be able to predict the value and variations in MQ
over time, the sensitivity of the additional term to errors in the MQ estimale, and sensitivity of
the net organic production cstimates to crrors in the estimates of the additional term.
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The Environment In Lake Talhu
Yiping Huang

(Nanjing Institute of Geography and Limnology
Academia Sinica, Nanjing, China)

ABSTRACT

The Lake Taihu is Ehird largest freshwater lakes in China,
with an area of 2338 km“ ,and a depth of 2-4 m. The progress and
development in  economics around Taihu region plays very
important roll In the construction in this country.

For the last decade, the economic development both in the
urban and rural area around Talhu region has made a might
advance. Polluted water and sewage have been discharged more and
more Iinto the lake, which makes the nutrient amount higher and
higher every year, and phytoplankton being outburst 1In some
water bodies.

Serial observations on the hydrology, hydrochemistry,
hydrobiology and sedimentalogy in lake Tailhu were carried out at
two to three month intervals from May 1987 to March 1988. Thirty
seven stations were usually arranged in the Lake.

The result of environment Iin Lake Taihu about water quality
and eutrophic state are described in this paper.

INTRODUCTICN

Lake Talhu, located in south of the Changjain delta, is one
of the five famous largest freshwater lakeg in China, 85 km west
of _Shanghail. The catchment area 1s 36500km“,with an area of 2338
km“, and maximum gepgh is 4.0 m, mean depth 1s 2.0 m,mean water
storage is 5.2°10% m It is a typlcal saucer shallow lake in
its depth and shape. It has mulitifunctions such as water
regulation, drinking water and industrial water supplies,
irrigation, fishery., waterway transport, tourism, etc. On the
site of northern bhorder of subtropical broad-leaved Torest
region, it belongs to southeast monscon climate area. Plum rain
always appears in Summer, and typhoon and rainstorm have
considerable impacts on,the area. It causes the annual mean
temperature being 15—160c. average precipiltation 1000-1400
mm,and over of 2000-3000 hours of inscolation duration.

Around the Tailhu Lake reglon 1s not only an agricultural
center but also one of the most economically flourishing regions
in China with abundant natural rescurces. There are 32 million
populatlion 1live in 1987 around this catchment area. A
sclentific research project on the total amount control of load
pollution was made in China during the period of seventh-five
year plan from 1986 to 1990. The Chlnese people hope to improve
the water quality in this lake as soon as possible by means
several ways Including learn from Japanese experience also.



EVALUATION ON WATER QUALITY OF LAKE TAIHU

During the survey period from 1987-1988, 37 spots data were
considered, (see fig.l) 1f compared the result of parameters of
water quality with standard of water environment quality (
announced by Chinese National Environment Protection Bureau )
for drinking water, the evaluation result of water quality has
obtained. The distribution of synthetic evaluation of water
quality for drinking water standard in different seasons in Lake
Tailhu is not the same,the water quality of average state in 1887
-1988 1is nearly the standard state, but after September It
getting to worse,till to March 1s the worst.

In the other hand, the change of water quality was apparent
in recent thirty years. For instance, the content of total
inorganic nitrogen from 0.12 mg/l 1n 1960 ilncrease to 1.12 mg/l
in 1987 (flg.2), the species and quantity of phytoplankton and
zooplankton were changed also.

SYNTHETIC EVALUATION ON EUTROPHICATION OF LAKE TATIHU
Evaluating standard for eutrophic state

Puring the 1last half century, many scholars and experts
deeply researched the method and standard for synthetic
evaluation on eutrophic based on the survey data from hundreds
of lakes all over the world. The several kinds of evaluation
method and many parameters have been developed. However, they
haven't reach a complete identity of views. We believe that the
eutrophic type of a lake not only depends upon the measurement
of some nutrients, but also depends upon synthetic appearance of
hydrochemical, hydrobiological factors and even the physical
feelings. An American professor R.E.Carlson, put forward a
method, named TSI (Trophlic State Index) in 1977. He took
transparency as a datum, and divided it Into a hundred classes
with number from 0 to 100 respectively. Then he put the
correlation of chlorophyll a (chl a) and total phosphorus (TP)
be relate with transparency (SD), thus the continuous of TSI
responding to «chl a and TP were obtalned. With the wvalues of
TSI, the eutrophlc state of a lake was evaluated. Dr.Morihiro
Alzaki took chl a as a datum and gave some corrections to TSI
in 1979, which is called 1t a Trophic State Index Modify, 1ts
short form is TSIm. In addition to TSIm, there are
chemical,biological and physical monitoring measurements
contained in the whole index. TSIm reflects the feature of
synthetic evaluation, it 1is also an useful method for
quantitative evaluation. Dr. S.E.Jorgensen, a Denmark scholar
combined the feature of water gquality with viewpoint of
limnological ecology., worked out the standard for elght types of
water quality of a lake.

The two methods as menticned above, are adopted for
eutrophic evaluation on Taihu Lake and comblned with the actual
conditions of Lake Talhu ,at last, the standard of eutrophic in
Lake Talhu consists of ten parameters about biological,
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chemical and physics measurement, and the eight types of
eutrophication with the score between ¢ and 100 are established,
see table 1.

Evaluating Result of Eutrophication Status

According to the data collected in the period May 1987
through March 1988, with thirty seven spots data are
considered,and the total score for ten indexes is obtained, the
average summed value for ten indexes can also be computed,so the
type of eutrophicatlon for a given water area is matehed with
TSIm. The distribution of eutrophication types in different
season were described as fig.3 to fig.5.

In view of the results of above cases, summarize as follow

1.There are four types for eutrophic state during
July,1987,such as : Mesotrophic, Meso-eutrophic, Eutrophic and
Hypertrophic etc., the most part of lake Taihu belongs to
mesceutrophic while about one-third of total area is eutrophic,

2.As the whole,the state of eutrophic is from low level to
high according high-water to low-water season,we found that the
state of eutrophic In low-water season was much severe than that
in high-water season,some area which belonged to mesotrophic in
July,1987, suddenly changed into eutrophiec in march,1988, and
the area of hypertrophic was expended also, only contrary in
Wulou nearby area which was eutrophic in Summer and
mesoeutrophlic in March, 1988,

3.Although the situation of water level is difference in dif-
ferent season, the area of eutrophlc does not change so much,
mostly take place in northern bay (called Maliang Lake),around
the shore from Dapu inlet in the west extend to the south-east
such as Xiameikcou and Wulou. It 1s because that those region
contact Tfirstly the large quantity of sewage and domestic
polluted water due to their geographic positicn of having many
rivers in northwest, west and south part of the Lake Taihu, for
instance,the Zhihu River(in Wuxi) contains a great deal of
nitrogen and phosphorus in March, 1988, the content of TN is 9.64
mg/l and TP 0.485 mg/l respectively. the concentration of TN is

3.26 mg/l and TP 0.059mg/1 respectively at Xiameikou in March,
1988.

Discussion

The results of synthetic evaluating on eutrophication point
out that the contents of TN,TOC and 3D is dominant among the ten
parameters, while TON,and phytoplankton biomass in the second
place, the proportion of the concentratlons of chlorophyl a, TP
and CODM is low,

We ?ound that all the changes of the content of TN,
TP, ION,phosphorus and the available amount of plankton had been
taken place strongly, mean while the primary productive quantity



We found that all the changes of the content of TN,
TP, ION,phosphorus and the avallable amount of plankton had been
taken place strongly, mean while the primary productive quantity
was relatively stable,thus it 1is considered the primary
productive of plankton 1s the maln factor for evaluating the
type of water quality. The quantity of plankton and its
composition, the concentration of nutrients etc.,are the
secondary factor, so, one Chinese professor He Xhihul suggest
that the eutrophic level of water bodies mainly depends upon the
trophic condition of phytoplankton and its development level.
TQE Dri@?ry production of plankton Iin Lake Taihu is 1.523
gNO,NM Nday —, if compare with other lakes,these figure shows
that the eutrophicatlon state in this lake is not so serious as
expected, and this can only confirmed through the average values
of the comprehensive score 62.1 In july,1987, 67.2 in March,1988
and 64.9 during 1987-1988 respectively.

As the concentration of TN and TP exceeds the standard value
of eutrophication and the element phosphorus can restrict the
growth of aguatic living thing, the loading of TN and TP should
be controlled and especially the discharge of phosphorus
restricted into Taihu Lake as a long-term environment protection
pelicy l1like Lake Kasumigaura.
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Tabla |

Evaluating Standerd far ths Trophic Statys of Leke Teshu

{tems Evalusting | Chlaraphyll-3 | Sacehi fisc Tatsl Total Tatal Totatl Suvapended | Chemical Oxygen | Phytoplankton | Racterium
Trophic Depth Phespharys | Nitrogen | Orgenic-X | Groanic-c | Sslid Demand Bigmass Tota!
Score Tyans (pafl ) {a) /1) (mg/1 Y| (mgfT ) (agst ) (rgfl ) (wfl ) {mgC/in } (/i)
i} Ultracligotraphie .D_IU 48 2.4 b.G10 9.003 8.02 G.0d G. 06 - 4210
0 0.28 27 0.8 0.020 0.008 0.05 0.03 g2 <50 310
20 Oligotrophic 0.8 15 2.0 0.040 G.0i3 0.10 0.2 0.24 - -2
30 1.80 30 [N ] 0.079 0,029 0.21 0.5% 0. 143 108 L= 10
i Oligo-Masarrophic L] ol 149.0 0. 160 b. 062 0.4 1.3t .95 158 .4 i0r
50 Magotrophic 10.0 2.4 23.0 0.310 0. 130 0.92 .10 1.0 200 1.3
60 Mesa-Eutraphis 25.4 1.3 50.0 0.550 0.2%0 1.490 1.70 3.60 250 2.5x 10
10 Eutrephic 64.0 0.73 110.0 i.20 0.520 L0 19.90 1.0 300 [R-Aatd
30 Hypertrophic 163.0 0. 49 250.0 2.30 t. 340 8. 60 5.0 .o §00 9. 6% |
-

49 Extrea Trophic 169, 0 0.22 555.0 480 2.%0 8.0 108.0 2.9 > 830 [ A
100 1000, ¢ 012 1230.9 9. 10 5. 50 38.0 260.0 4.0 < Ler I
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By ifiZkE7— 7 AV (1991-4~1992-3)

PO4-P DTP TP Nl4-N NOo~N NO3-N DIN SS  POC PON C/N Chl-a Phyco
{ppb) (ppb) (ppb)(ppb} {ppb} (ppb) {ppb) (ppm) (ppm} (ppb} (ppd) (ppb)
i1H 4 19 144 202 28 258  B63 42.53 §5.32 835 6.4 107.9
5H 10 35 204 5656 4 23 776 43.56 4.36 751 5.8 70.4
tH 5 34 197 583 1 22 881 26.61 3.63 652 5.6 71.2 71
TH 64 101 36 365 [ 37T 1024 34.54 5.55 f0TZ2 5.2 124.9 235
8H 151 180 340 631 11 33 913 38.69 7.01 1474 4.7 111.6 330
9A 38 58 198 173 23 108 725 39.12 5.93 1323 4.5 102.1 807
10H 13 32 203 24 31 335 908 34.34 5.55 1279 4.3 90.9 627
11H 7 35 138 37 81 504 1262 22.19 3.42 644 5.4 318.5% 204
124 9 22 61 48 63 677 1544 14.32 1.47 247 6.0 19.7 D
1A 10 18 48 {2 10 1134 1582 12.29 Q.92 153 6.0 9.6 0
A 10 19 49 16 6 932 1279 17.70 1.19 198 6.0 11.5 0
3H 8 16 51 32 9 662 967 16.62 1.40 233 6.0 20.3 0
Ry 21 48 159 226 27 394 1060 28.54 3.81 738 5.5 65.4
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1y BMrivkKEF—2 (1991-4~1992-3)

wkE=F Y v I7-5 K : [1]

{EAE B TP PP DIP NHoN NO.-N NO,-N DTN 35 PoC PON C/N Chi-a Phyeo,
(ug/1) (ug/1) (ug/D {ur/1) {ug/1}{ug/1) {ug/1) (me/ 1) {mg/1) (ug/1) (ug/1}  (eg/T)

91/04/03 3 72 2 12 138 24 647 905 33.04 5.05 8OO 6.3 117.4
81/04/04 4 84 3 16 150 26 418 846 3538 5.91 900 6.6 138.1
91/04/05 ] 108 3 11 765 26 443 935 55.44 8.37 1293 6.5 178.1
91/04/08 & 119 4 15 68 53 247 940 48.33 4.66 721 6.5 98.8
91/04/09 9 11 5 15 200 28 244 841 38.07 509 791 6.4 Li3. 8
91/04/10 10 104 7 13 220 39 320 1023 4B.16 .19 923 6.7 1430
91/04/12 12 120 8 11 175 22 386 934 51.73 8.50 1285 6.6 193.§
91/04/15 1§ 68 L 14 185 29 253 785 32,27 444 684 6.5 91§
91/04/16 16 8% 4 10 167 14 2715 999 3%.01 5.01 777 6.5 106.0
sL/04/17 1T 54 4 il 2%0 13 75 549 1277 327 577 5T 617
§1/04/19 19 [5% ] 99 226 83 434 1115 60.51 5.03 719 6.5 B6.4
§1/04/22 22 86 4 13 152 31 122 788 35.19 4.08 680 6.0 90.5
$1/04/23 23 §5 2 i2 147 29 166 956 32.18 3.86 654 5.9 860
91/04/24 2 Ig 1 16 163 14 31 709 43.05 4.3¢ 705 6.2 642
91/04/26 26 221 3 14 11 ) 23 582 E5.03 7.50 1159 6.5 106.1
91/04/30 30 117 4 i6 400 4 32 924 46.25 3.87 630 6.2 517
91/05/01 11 207 5 29 438 4 24 573 8366 4.71 T4T 6.3 60.3
91/05/02 32 194 g 29 516 15 27 739 45.39 4.00 670 6.0 61.4
91/05/07T 37 202 h 30 968 H] 28 943 41.86 4.64 733 6.3 68.4
91/05/09 39 265 1 3% 11 Z 24 1156 80.74 7.38 1225 6.0 111§
91/05/10 40 230 14 42 134 4 26 %12 49.88 4.73 786 6.0 89,0
91/05/13 43 168 1 19 338 1 38 599 29.87 3.32 5871 6.0 50.2
91/05/14 44 176 3 24 382 & 33 656 3170 4.08 658 6.2 TLO
91/05/15 4% 130 \ 13 106 i 35 481 14,03 2,48 405 6.y 413
91/05/17 41 304 t5 35 666 2 19 929 63.60 5.30 875 6.1 9.0
91/05/20 50 228 4 29 678 3 1T 86l 46.21 4.62 1037 4.5 T4
91/08/21 51 252 3 32 617 3 T 840 7217 6.64 1123 5.9 B6.6
91/05/22 52 249 i9 58 995 2 11 975 45.39 4.80 797 6.0 TL®
91/05/24 54 193 12 50 HLE) 4 53 793 50.57 4.1 782 5.8 76.9
91/05/21 87 124 2 19 224 3 19 296 19.81 "2.59 496 5.2 45.9
91/05/28 58 130 2 19 233 3 17 367 13.54 .54 484 5.2 55.2
91/05/29 59 220 36 T 826 z 7 927 31.80 3.85 688 5.6 73.2
91/08/31 81 195 21 75 758 3 11 1114 38.21 3.84 682 5.6 62.4




WkeE=p2 V¥ —s—% [2]

FAE B TP PD.-P BTP  NH-N NGa-K NO,.-N DTN 85 POC PON C/N Chl-a Phyco.
(ug/1) {ug/1) {ug/1) {ugs1) C(ug/1) (ug/1} {ug/1) (mg/1) (ng/1) (ug/1) {ug/1) (ug/D)

91/06/03 64 178 1 32 412 4 28 733 25.81 2.97 497 6.0 5L6
91/06/05 €6 164 1 i 525 7 21 740 33.06 3.40 600 5.7 57.9
$1/08/06 67 180 1 KL 491 13 42 743 30.84 3.72 682 5.5 8.4
91/06/07 68 185 1 28 672 8 12 713 40.45 3.85 699 5.5 644
91/06/10 71 175 1 29 538 4 16 878 24.72 3.46 573 6.0 585
91/06/11 12 192 2 32 538 6 21 975 27.43 3.52 628 5.6 48,2
91/06/12 T3 125 1 23 185 T 25 664 14.00 2.48 395 6.3 3l 4
91/06/14 15 158 1 28 268 1 3 T16 14.86 2,83 513 5.7 S
91/06/19 80 151 1 26 337 1 20 724 16.69 3.31 551 6.0 B3 7
91/06/20 81 194 1 23 421 5 19 926 22.43 3.5 618 5.8 T9.7 24
91/06/21 82 253 I 28 905 3 10 1014 36.2T7 4.73 889 5.3 1345 50
91/06/24 85 253 T 47 789 4 34 1030 26.18 4.083 780 5.2 116.% 105
91/06/25 86 223 13 48 838 12 42 1096 17.02 3.10 623 5.0 88.4 104
91/06/26 87 236 14 4 854 12 17 1061 24.15 3.83 72 5.3 107.1 65
91/06/286 89 282 13 62 1019 ] T 1197 35.16 5.56 1009 5.5 139.5 16
91/07/01 92 1092 402 868 7 181 1971 20.56 3.91 74T 5.2 G4 T 19
91/07/03 %4 219 12 28 187 6 29 1009 30.79 4d.44 892 5.0 138.1 112
91/07/05 %6 240 13 1 163 i 6 684 33.79 6.12 1145 5.3 132.3 119
91/07/08 99 223 12 kL 159 3 4 613 41.04 6.80 1273 5.3 1iL.8 130
91/07/09 100 264 0 80 406 4 5 735 3179 6,28 1210 5.2 1248 181
91/07/10 101 285 7 48 203 4 2 784 46.58 6.82 1359 5.0 1567
91/07/12 103 182 17 43 148 T 18 610 36.50 6.08 1163 5.2 140.8 k43
$1/07/15 106 299 113 129 556 3 2 1189 36.83 5.58 1117 5.0 138.7 233
§1/07/16 107 210 51 69 353 T 21 953 27.89 414 T4 %4 1S 162
$1/01/17 108 332 66 90 416 3 4 1085 42.42 5.61 1046 5.4 1665 255
91/07/1% 110 340 134 136 459 3 2 1250 4131 5.69 1096 5.2 144.2 271
91/07/22 113 151 29 44 179 13 310 [060 20.58 2.43 62 5.3 48,6 16
91/07/2% 114 269 64 9 462 3 B 1E33 41.0% 6.52 1244 5.2 145.0 241
91/07/24 115 23 41 61 2% 8 16 988 31.72 5.40 (019 5.3 119.0 219
91/07/26 117 {42 202 220 444 3 20 1594 35.20 .02 1M8 5.2 1135 330
91/07/29 120 392 157 189 431 10 12 1091 27.50 6.14 1274 4.8 1415 444
91/07/31 122 264 0 93 413 9 15 653 30.62 §5.31 L1083 5.0 109.7 822




PkE=S Y -y —H

(3l

HHH ©% 7T PO-P DTP NH.-N NO.~N NO,-N DTN SS POC PON C/N Chi-a Phyco.

(ua/1) (ue/D{ug/1} {ug/1) (ug/1) (ug/1) {ug/1) (mg/1} (mg/1) (ug/1) (ug/1}  (ug/1)
$1/08/02 124 538 224 3BZ 1145 3 1 1278 43.01 7.57 1488 6.1 154.9 496
91/08/05 127 249 81 94 614 22 38 765 24.07 3.76 808 4.7 67.90 345
91/08/07 12% 163 3% 886 1277 ] 2 1440 46.72 6.06 1224 5.0 1337 454
91/08/09 131 273 94 118 514 1 89 934 43,75 6.50 1312 4.7 131.8 602
91/08/12 134 135 24 44 300 17 62 418 20.00 5.058 1004 5.0 100.7 358
91/08/13 13§ 444 258 267 910 3 1 1180 51.64 8.91 1782 5.0 135.1 194
91/08/15 137 365 178 199 854 b 21 1216 5T.71 8.58 1788 4.8 139.0 517
91/08/16 138 634 355 382 1203 2 I 1539 62.05 11.52 2429 4.7 161.2 272
81/08/19 141 160 52 63 115 14 34 481 19.11 S.48 1136 4.8 88T 341
91/08/20 142 134 28 92 160 13 33 450 24.01 %11 1010 5.1 79 136
91/08/21 143 454 243 252 619 4 2 998 46.46 9.34 2044 4.6 1177 447
91/08/23 145 5 1 Im 640 1 11 926 44.92 17.98 1765 4.5 118.6 285
91/08/26 148 198 67T 82 340 18 319 696 22.24 4.92 1114 4.4 TLY9 219
91/08/27 149 168 10 55 503 21 100 718 21.89 4.32 891 4.4 67.8 127
91/08/29 151 432 200 233 553 14 22 1069 52.96 9.99 12161 4.6 130.8 283
91/08/30 152 141 29 4 294 10 63 506 4% 80.%5 250
81/09/02 185 289 66 87 449 14 32 1358 59.58 8.64 1868 4.6 (484 488
81/09/04 157 310 88 109 365 6 10 765 61.69 0.18 196t 4.7 140.3 368
91/03/06 159 176 17 40 8% 26 100 60D 46.82 N.64 1832 5.0 94.2 367
91/09/09 162 115 2 44 200 12 52 509 20.83 3.57 823 4.3 67.4 381
81/09/10 163 171 i bLl 147 39 187 506 38.97 4.32 939 4.6 3.8 550
91/09/11 184 113 25 37 64 i2 34 688 20.28 3.67 872 4.2 6L3 550
§1/09/13 166 180 42 60 154 2T 141 461 42.46 5.62 1255 4.5 843 768
§1/09/17 170 132 32 46 188 29 74 608 §8.82 412 993 4.2 90.8 850
91/09/1% 171 189 i 5% 110 24 148 531 45,94 5,91 1327 4% 11Nt 1084
91/09/20 173 233 2 1 127 31 135 1266 38.54 5 64 1291 4.4 969 1287
91/09/24 171 232 0 43 107 33 10T 653 36.24 6.25 1478 4.2 1041 1721
91/09/25 178 207 28 3l 52 27 256 834 34.3F 535 1253 4.3 1124 1033
91/09/27 180 732 38 56 98 22 124 627 4414 T.1T 1607 4.5 1359 1046
91/10/01 184 200 29 i2 61 142 602 29.92 §.22 1207 4.3 101.6 818
91/10/02 18% 276 1% 38 b 38 162 78T 3464 634 1485 4.3 130.5 1003
91/10/03 18§ 198 26 85 65 57 174 937 29.29 §.1T 198 4.3 845 418
91/10/04 187 215 12 30 20 26 65 613 33.99 6.28 1507 4.2 118.1 769
91/10/08 191 169 12 30 14104 248 975 Z1.99 416 985 4.2 T9.9 661
91/10/09 192 184 12 3 13 114 596 987 29.02 4.77 1l41 4.2 93.0 981
91/10/11 194 250 25 52 42 B3 546 1162 60.86 6.64 1445 4.6 109.0 643
31/10/15 198 08 4 93 22 60 633 1335 4179 4.82 10%% 4.4 756 972
91/10/18 201 186 a1 43 45 59 463 1160 28.56 4.32 1011 4.3 66.6 883
91/10/21 204 162 8 22 18 108 156 879 27.39 4.96 1169 4.2 7513 1102
91/10/23 206 27 3 18 13 97 364 705 41.86 7,06 1629 4.3 113.2 1763
91/10/24 207 197 11 24 17 T 411 928 32.97 B35 1248 4.3 L2 380
9i/10/25 208 221 3 18 11 87 31 544 4721 .10 1619 4.4 102.8 191
9t/10/28 UL 18% LI & 32079 303 844 34035 5.45 1253 4.4 846 122
91/10/29 212 182 8 17 20 80 571 872 27.05 §5.65 1239 4.6 58.7 90
81/10/30 213 193 & 23 21 158 494 1093 29.4T7 5.64 1269 4.4 759 73




k=20 v ory—s—% [4]

HEHE H¥ TP PO-P DTP  Ni-N NO,-N NGs-N DIN S POC  POX  C/X Chl-a Phyco.
(ug/1) (og/1) {ug/1) (ug/1) (ug/1) (ug/1) {ug/1) (me/1) (mg/1)(ug/1} (eg/1) {ug/1)

/11701 215 312 10 36 3 28 533 1119 3528 6.05 1221 5.0 T2 A 532
91/11/05% 219 319 15 33 21 35 628 1378 39.10 558 1064 5.2 53.2 397
91/11/06 220 140 L 29 13 30 559 1466 38.47 5.19 1015 5.1 59.4 128
91/11/08 222 96 i 122 ? 99 314 7% 20.28 4.69 909 &.2 346 461
91/11/12 226 93 T A 40 81 406 953 18.80 3.36 632 5.3 313 319
91/11/13 221 95 0 28 35 42 553 1130 18.80 3.33 615 5.4 38,9 308
81/11/15 229 115 4 5l 54 89 392 953 20.80 3.3 675 5.5 95.9 268
91/11/18 232 104 L] 43 3l 98 391 10E0 12.43 2.43 412 5.9  26.4 101
91/11/20 234 104 I 31 25 9T 403 1196 14.25 2,27 399 5T 287 39
91/11/25 239 122 5 K 41 T1 438 1554 24.14 2,20 387 5.7 288 ND
91/11/26 240 43 4 36 89 99 422 1470 12.39 1.65 314 5.3 2.8 ND
91/11/27 241 101 16 45 82 124 881 1310 16.25 1.84 331 5.6 I KD
91/11/29 243 94 & 33 65 159 564 1565 17.44 218 400 5.4 344 ND
§1/12/02 246 76 3 IS 31 182 545 I6T0 [6.73 2,20 388 5.7 346 NO
$1/12/04 248 61 3 20 36 111 684 1572 1507 L.79 316 5T 34.3 ND
91/12/06 250 62 ) 20 49 T8 1017 1634 18.07 L.6T 293 5.7 31.3 ND
91/12/09 253 69 ) 17 47 120 644 1509 14.1% 1.52 266 5.7 23.2 KD
91/12/11 255 LY 14 2l 97 122 625 1605 12.40 1.40 243 5.8 16.6 KD
91/12/13 257 50 11 19 56 33 948 1439 11.9% 1.2 209 6.0 125 3
91/12/16 260 48 13 23 1 20 594 3874 1155 117 117 BB 1LB XD
91/k2/18 262 68 3 25 2% 19525 1437 10.50 1.29 196 6.6 116 ND
91/12/20 264 62 e 29 35 13370 1538 19.50 1. 48 228 6.5 14.5 ND
91/12/24 1268 52 10 26 45 17 968 1376 14.25 1.15 188 6.2 13.7 ND
91/12/21 2 i 16 31 51 16 529 1332 13.7§ 122 214 5.7 1.5 ND
92/01/06 281 68 123 42 14 1294 1835 13.80 0.%0 139 6.5 1.4 ND
92/01/08 283 41 5 25 57 21 1029 1625 8.60 C.79 143 56 8.3 ND
92/01/10 285 61 9 28 36 13 1094 1700 19.50 1.13 183 6.2 124 ND
92/01/13 288 i1 6 13 22 13 1034 1448  6.63 9.1 ND
92/01/17 292 36 10 15 69 12 1094 1490 9.05 12.9 NI
92/01/20 295 45 i0 15 63 10 11l% 1508 11.63% 9.4 ND
s2/01/22 297 46 1 18 81 8 1273 1688 12.50 13.1 ND
92/01/24 299 68 12 15 36 5 1265 1653 18.75 1.10 18F 6.1 12.9 ND
82/01/27 302 33 g 13 28 6 1011 145§ 10.6¢ 0.82 137 6.0 6.8 KD
92/01/29 304 29 11 14 46 2 1302 1885 7.35 0.73 131 5.6 5.1 ND
92/01/31 308 61 11 15 1 5 967 1313 16.70 0.98 156 6.3 8.5 KD
92/02/03 309 50 11 1S 13 6 888 [230 12.1% 1.03 182 &1 8.0 KD
92/02/05 311 50 14 1] 14 5 884 1242 20.70 1.30 218 6.0 11.4 KD
92/02/07 313 49 1622 14 4 1023 1338 15.10 0.%4 155 6.0 1.% ND
92/02/10 316 43 L 8 5 B8 1284 10.65 0.94 I66 5.7 7.4 ND
9z/02/12 318 i i 25 8 5 722 1038 5.95 0.72 126 5.7 1.1 ND
92/02/14 320 30 7 14 11 5 828 1160 7.00 0.77 138 5.7 6.5 ND
92/02/17 323 68 11 19 44 5 L1116 1466 34.95 1.84 282 6.5 12.5 N
92/02/18 32% 62 17 20 11 8 1061 1365 26,15 1.5% IT8 5.7 16.4 N
92/02/21 37 43 4 16 8 5 T80 1092 15.30 1.24 209 6% 158 D
92/02/24 330 48 10 19 9 T 924 1226 16.30 1.23 193 6.4 163 ND
92/02/26 332 61 10 18 18 10 1089 [442 25.80 1.45 237 6.1 18.2 ND
92/02/28 334 L 9 i1 i 4 989 1442 21.3% 123 193 6.4 128 ND




#ke=syr7—9s—H {s5]

fEAH  HE TP PO.-P DIP  NH.-N N0,-N KO,-N DTF  SS  POC PON C/N Chi-a Phyco,
(ug/1) (ug/1} (ug/1) (ur/1) {ug/1) (we/1) (ug/1) (mg/1) (me/1) (ug/1) (ue/t)  (ug/1)

92/03/02 337 94 11 16 3 5 882 1126 21.10 1.27 206 6.2 14.1 ND
92/03/04 339 44 H 15 15 4 587 812 9.55 1.03 183 5.6 10.8 ND
92/03/06 341 o8 1 k4 17 4 663 817 19.90 1.34 222 6.0 15.8 ND
92/03/09 344 37 6 13 1% 5 503 878 9.55 0.98 172 5.7 1212 ND
92/03/11 346 39 5 12 1% 6 391 816 10.20 0.97 166 5.8 1L5 ND
92/03/13 348 42 b 10 11 4 587 BE3 11.60 1.25 225 5.6 16.6 ND
92/03/16 351 35 { 11 18 8 143 101T 890 1.03 175 5.9 137 ND
92/03/18 153 6% 8 13 15 8 718 1149 20.40 1.40 235 5.9 133 ND
$2/03/23 358 67 12 iz 50 6 TOT 1042 33.45 1.94 302 6.4 222 ND
92/03/25 360 53 1 10 32 § 696 1016 24.20 L1638 267 6.3 4.9 ND
92/03/27 362 19 FEI T 144 46 759 1337 16.30 209 355 5.¢ 3.2 ND
82/03/30 365 39 2 b 14 T 460 787 14.30 176 283 6.2 318 KD
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