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ABSTRACT: The limnological characteristics of Sapanca Lake, located in the Marmara
Region, have been investigated. From field surveys conducted in July, August, and Septem-
ber, 1989, it appears that there exists a phosphorus deficiency with respect to available nit-
rogenous compounds in the water column of the lake. Chlorophyll-a maxima in the lake
were always observed below the thermocline, indicating a dynamic biological system in the
lower layers to which at least 1 % of the surface light intensity penetrates. The nitrate con-
centration was found to be about 200 ug-N/l in the deep waters whereas o-phosphate con-
centrations were less than 2 ug-Pll at these depths. The total phosphorus concentration
was in the range of 6-10 ppb in the water column, except for peak values detected at inter-
mediate depths at which the population of phytoplankton was dense. Trophic State Indices
(TSI) for the Sapanca Lake computed from chlorophyll-a, secchi disk transparency, and to-
tal phosphorus measurements performed in the epilimnion layer of the lake were found to
range between 28 and 35, indicating oligotrophy.

SAPANCA GOLUNUN LIMNOLOJIK OZELLIKLERININ
BELIRLENMESI

OZET: Marmara Boligesinde bulunan Sapanca Gélii, limnolojik dzelliklerinin belirlenme-
si amaciyla aragtirddr. Temmuz, Afustos ve Eylill 1989 da yapilan saha ¢alismalarindan,
goldeki azot bilesiklerinin derisimi dikkate alindifinda fosfat derisiminin diigiik oldugu go-
rillmektedir. Klorofil-a maksimumu daima termoklin tabakasin altinda oldugu gézlendi.
Bu da termoklin altindaki tabakada yiizey 151k siddetinin % 1'e indigi derinlige kadar dina-
mik bir biyolojik sistemin varlifini gdstermektedir. Nitrat derisiminin 200 ppb'ye ulastifi
alt sularda orto-fosfat derigimi 2 ppb'nin altinda bulunmugtur. Fitoplankton yogunlugunun
fazla oldugu ara tabaka harig, toplam fosfat derisimi 6-10 ppb arasindadir. Epilimnion ta-
bakasindaki klorofil-a, seki disk ve toplam fosfat degerleri kullanilarak Sapanca Gélii igin
Trofik State Indeks (TSI) degerleri hesap edildi. Bulunan 28-35 degerlerinden Sapanca Go-
liiniin oligotrofik ozellikte oldugu saptannmugstir.
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INTRODUCTION

, located in the Marmara Region (Figure 1), has a surface area of 468
kmlia::ds:p \?(;ilame of about 1.0x109 m3. Its catchment area is about 250 kmZ. No t_ng ri-
ver, but several streams with seasonally changing flow rates feed the lake, According to
calculations of the water balance of the lake, a signiﬁgam volume of ground water enters
the lake from points at the lake bottom (1), whose locations have yet to be determined.

(O) Sampling station of water
(@) Sampiing peint of sediment 0

Figure 1. Sampling stations in the Sapanca Lake.

The Sapanca Lake having only low concentrations of both dissolved inorganic ions and
organic carbon has been used for decades as a source of drinking and process water by me
City of Adapazan and several important industries in the fzmit area. The lake, due to its

| oligotrophic characteristics, does not support fishing.

There are few heavy industries around the lake, and therefore, the majority of pollutants
entering the lake originate through surface run-off from domestic and agricultural sources.
No sewerage or wastewater treatment systems have so far been established for the small
towns in the drainage area of the lake. o

Until recently, few studies have determined either the limnological characteristics or the
pollution levels of the Sapanca Lake (1-3). From the limited studies it can be stated that
the water quality of the lake is adequate for drinking, domestic, process and irrigation usa-
ge (1-3). However, examination of previous studies shows that biochemical parameters ne-
cessary for determining the quality of inland water sources and their beneficial uses have
not beem measured in the Sapanca Lake. For example, no data are available showing the
spatial and temporal variations of such parameters as fluoride, iodide, boron, sulphate, some
important toxic metals, dissolved and particulate organic carbon, pesticides, detergents, phe-
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nolic compounds, nutrient elements, primary production, etc. Further, detailed examinatior
of the limited data pertaining to nutrients and trace metals indicated unreasonable distributi
on patterns due presumably to the inadequate sampling, storage and analytical methods fol-
lowed.

The aim of the present research has therefore been to determine the limnological charac
teristics of the Sapanca Lake by monitoring spatial and temporal variation in its basic
physical and biochemical parameters and to investigate the distributions of the importan
major and trace metals in the surface sediments.

EXPERIMENTAL

Sampling: The locations of sampling points for water and sediment are shown in Figure
1. Water samples were collected from 0.5, 10, 15, 20, 25, 30, 40 and 45 meter depths, a
two stations, A and B by using a horizontal-type Nansen bottle. The sediment samples we-:
re collected by a grab-type sampler in July and August, 1989. The samples for bioassay
were collected by a horizontal water sampler at a depth of 3 m and where the light inten.
sity was reduced to 1 % of surface value at station B. Chlorophyll-a samples were taken a
depths of 0.5, 5, 10, 15, 20, 25 and 30 meters. The samples for biological analysis and me-
asurements were collected at depths where surface irradiance at 400-700 nm was reduced
to 75 %, 25 %, 10 % and 1 %. For the estimation of daily primary production the depths
where the surface irradiance was reduced to 95 %, 50 % and 3 % were also determined.
The vertical transmission of light at Station B and the light in the incubator was measured
by a quanta meter (LICOR 185) in the spectral region 350-700 nm at intervals of one hour
from true noon to sunset.

Sample Storage: The water samples for (nitrate+nitrite), ammonia and phosphate analyses
were kept frozen until analysis time. Water samples for TOC analysis were acidified with 6
N HCI (2ml/1) and those for silicate analysis were refrigerated until processing. The samp-
les for phytoplankton production, bioassay and chlorophyll measurements were transported
to the laboratory in ice-boxes and the experiments were carried out immediately after col-
lection of the samples. The chlorophyll samples were filtered and kept frozen until analysis.
The sediment samples were kept frozen in precleaned plastic bags. The water samples for
pH and for inorganic carbon (carbonate ion) were kept refrigerated and were then analysed
as soon as possible.

Analytical Procedure: Phytoplankton algal production was estimated in samples from
depths at which the irradiance was reduced to 75, 25, 10 and 1 % of the surface value.
The 14C technique given by Nielsen (4) and modified by Gargas (5) was followed. Further
details are given in the technical reports (6, 7).

Chlorophyll-a concentrations of water samples were measured by the standard acetone
extraction method (8). 0.5-3.0 liters of water sample are filtered through Whatman GF/C
filter papers. Filters were kept frozen until use. The chlorophyll and pheopigment concent-
rations were measured and calculated according to the procedure given in the Standard
Methods (8).

The nutrients 0-PO4, total-phosphorus, nitrate, ammonia and silicate were measured by
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the methods developed by Technicon (9, 10) and given in the Standard Methods (8). Deta-
ils of the analytical methods used for the other parameters discussed here have been descri-
bed elsewhere (7).

RESULTS AND DISCUSSION

Field surveys were performed in July at one station (St.A) and in August and September
1989, at two stations, St. A and B. The results of the parameters measured in the water co-
lumn at both stations are presented in Table 1. Primary productivities and the trophic state
indices calculated from chlorophyll-a, secchi disk transparency and total phosphorus data
are displayed in Tables 2 and 3, respectively. The concentrations of the major and trace
metals in the lake sediments are given in Table 4.
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Anions, cations and total organic carbon: The concentrations of major anions and ¢
in the lake water were generally low (Table 1). The levels of chloride and sulphate
ranging between 5.7-6.2 and 17.0-17.7 ppm respectively, varied little with depth, N
and Mg ion concentrations were almost constant in the water column of the lake. The
es of calcium, the major cation in the lake water, varied between 37-41 ppm with
wer concentration in the surface water. Considering its necessity for the prevention of
decay, the fluoride concentration was found to be relatively low. The total organic ¢
concentration generaly ranged between 1.9-2.5 pm, but reached a peak value of 4.35 ;
25 m (Table 1) which originated from the accumulation of dissolved and particulate
nic matter of algal origin at the upper zone of the thermocline.

Table 1. The Distributions of the Basic Physicochemical Parameters Measured in the Sapanca Lake Water.
Conduct. Total Org.
Depth | (uS/cm at Carbon Fluoride Chloride Sulphate Carbonate Si TotN@ Ca Mg Na K
(m) 25°C) pH (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) | (Ppm) | (ppm) | (ppm)
251-262 8.12-8.54 2.05-2.45 0.13-0.16 5.7-6.0 17.6-18.0 117-118.3 0.84-0.93
- 045 37.1 7.0 6.1 1.49
2s56)® 8.37) (2.23) (0.15) (5.9) (17.8) (117.5) (0.89)
255-256 8.46-8.57 1.91-2.39 0.14-0.15 5.9-6.0 17.6-17.7 117-118.2 0.84-0.92
% - 37.1 7.0 6.0 1.48
(256) (8.52) (2.14) (0.15) (5.9) aED (117.7) (0.89)
253-267 8.18-8.58 2.15-2.18 0.15-0.19 5.9-6.2 17.7-17.8 112-117.5 0.84-1.40
10 0.43 38.3 6.9 6.0 1.49
(258) (8.47) (2.16) (0.17) (6.0) (17.7) (116.0) (1.00)
282-289 7.68-8.00 2.414.35 0.13-0.17 5.6-6.1 17.0-18.0 131-144.4 1.44-1.79
50 043 40.3 6.9 6.0 1.53
(286) (7.76) (3.10) (0.15) (5.9) (17.4) (139.6) (1.60)
288-289 7.63-7.80 2.304.00 0.13-0.15 5.6-5.9 17.0-17.6 - 1.54-1.90
25 0.27 - - - -
(288) (7.71) (2.97) (0.14) .7 17.2) (1.68)
283-289 7.56-7.74 1.91-2.30 0.14-0.15 5.6-6.1 16.8-17.7 - 1.60-1.96
30 0.23 40.7 6.9 6.0 1.50
(288) (7.63) (2.06) (0.14) (5.8) (17.1) (1.79)
286-289 7.35-7.67 1.91-2.06 0.14-0.15 5.5-7.6 16.3-17.4 - 1.83-2.21
40 0.22 41.6 6.9 6.1 1.50
(288) (7.53) (1.95) (0.15) 6.2) (16.9) . (1.98)
286-294 7.37-7.88 1.88-2.07
45 0.35 8.0 17.2 = 2.10 - z - - -
(290) (7.50) (1.97)

(a): Total-N=Organic nitrogen+Inorganic nitrogen
(b): The value in parenthesis represents the arithmetic mean of the measurements.




Table 2. Daily Primary Production in Sapanca Lake (mg C m-2 day-1).

Month Station: A Station: B
23 August, 1989 264 259
25 September, 1989 294 321

Table 3. Trophic State Index and its Associated Parameters (From Ref. 12)

Secchi Surface t-Phosphorus Surface chl-a

TSI Disk(m) (mg/m3) (mg/m3)

0 64.0 0.75 0.04

10 32,0 15 0.12

20 160 30 034

30 8.0 6.0 0.94
40 40 12,0 26
50 20 2.0 6.4
60 1.0 480 20.0
70 0.5 96.0 56.0
80 0.25 192.0 154.0
90 0.12 384.0 4270
100 0.062 768.0 1183.0

Table 4. Monthly Variations in Trophic State Indices Calculated from Secchi

Disk Transparency, Chlorophyll-a and t-P for the Sapanca Lake in 1989.

Month Parameter and Measured Value TSI
StA StB St.A St.B

July 6,1989 SDD(m) 50 - 6 -
July 6,1989 Chil-a(mg/m3) 048 - 23 .
August 23,1989  SDD(m) 9.0 7.5 28 31
August23,1989  Chlla(mg/m3) 024 079 16 28
August 23,1989 t-P(ppb) 6.9 8.5 2 35
Sept.23,1989  SDD(m) 75 7.0 31 32
Sept.23,1989  Chlla(mgimd) 085 105 29 3
Sept. 23,1989  tP (ppb) 7.0 7.0 2 32
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Conductivity: The values of conductivity normalized to 25°C, showing the level of total
dissolved ions, ranged between 250 to 260 uS/cm in the surface and from 285 to 290 pS/
cm in the deep waters of the lake. From the measured concentrations of the major anions
and cations in the water column of the lake, it can be concluded that the difference of abo-
ut 30 uS/cm in conductivity between the surface and bottom waters resulted from differen-
ces in the concentrations of calcium, bicarbonate and silicate ions.

pH: Not unexpectedly the pH variation in the water column of the Sapanca Lake was in
harmony with the biological productivity profiles and water temperatures. In the surface
waters of the Sapanca Lake, the pH ranged from 8.2 to 8.5, depending upon environmental
factors. In deep waters of the lake pH values were found to decrease to 7.4-7.7 due to CO,
released by the biochemical oxidation of the organic matter sinking from the photic zone.

Temperature: Figure 2 shows that the surface water temperature in the lake reached a pe-
ak value of 26.7 °C in August. In the deeper layers (below 30 meters), the water tempera-
ture remained constant at 7.8-8.0 °C during the July-September period. The thermocline lay
between 10-20 m and the temperature dropped from 22-24 °C at 10 meters to about 10 °C
at 20 m. The temperature distribution in the lake was also measured by DSI (1) between
1986 and 1988. From the temperature data of both studies, it appears that the deep waters
of the lake show an annual variation of +1°C in summer which might result from the inte-
rannual temperature fluctuations in the water column.

TEMPERATURE (°C)
7 9 n 3 s 7 9 n 3 5 727
0% 1 i Il I I 1 [ L

ST:A JUL
ST:A  AUG
ST:B  AUG
ST:A SEP
sT:B SEP

DERPTH (m)

=x P @+ D

35

e Figure 2. Temperature profiles measured in
Sapanca Lake.
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Dissolved oxygen: The concentration of dissolved oxygen (DO) in the Sapanca Lake va-
ried with both depth and time. The DO concentration was almost at its saturation level in
the first 10 meters of the surface water, at 10-15 meters it exceeded the saturation level
due to algal photosynthesis at these depths. Below the thermocline at about 20 meters, DO
values decreased steadily with increasing depth (Figure 3). As expected, the DO concentra-
tions measured monthly in the deep waters (below 30 meters) of the lake showed a decrea-
sing trend from July to September 1989. The DO value of about 7.5 ppm measured on July
6, decreased to 6 in August and 1.7 ppm on September 25, 1989. In two previous lake stu-
dies (2, 3), relatively high DO concentrations were measured in the deep layers, ranging
from 3.2 to 4 ppm in October. In the DSI study (1) performed between 1986-1988, the DO
concentration below the 30 meter water depth was found to decrease from 3.6 ppm in late
summer to 1.2 ppm in Autumn. These measurements coincide with those of the present
study. The drastic temporal DO decrease observed in the lower layers of the lake is due to
the decay of organic matter originating from primary production proceeding above and in
the thermocline (but in the photic zone) coupled to the inhibition of oxygen diffusion by
the intense density stratification.

Light: Penetration of solar light into the Sapanca Lake water is depicted in Figure 4.
The depths to which at least 1 % of the surface incident light penetrated extended down to
18-20 meters. The light measurements performed by DSI (1) in 1986-1988 coincide with
the results of 1989. The measurements of both studies clearly indicate that the light inten-
sity below 25 meters was almost nil, less than 0.1 % of the surface value.

HSSOLYVED OnYEEN(ppm)

Figure 3. Variation of dissolved oxygen profiles in
Sapanca Lake.
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Figure 4. Light intensity profiles in Sapanca
Lake.
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Chlorophyll and pheophytin: There are two different standard spectrophotometric techni-
ques for determining chlorophyll-a but one for pheophytin-a (8), Chlorophyll-b can only be
determined by the trichromatic method (8). Chlorophyll-a concentrations calculated from
measurements at three different wavelengths represent the total chlorophyll-a content of the
sample, since pheophytin-a, which is the degradation product of chlorophyll-a in phytop-
lankton digested by zooplankton (11), absorbs light in the same region of the spectrum as
chlorophyll-a (8). The concentrations of chlorophyll-a determined using two methods, chlo-
rophyll-b and pheophytin-a are depicted in Figure 5. The chlorophyll-a profiles illustrated
in Figure 5 indicate relatively high production and accumulation of phytoplankton below
the thermocline. The highest total chlorophyll-a concentrations, ranging from 10 to 28 ppb,
were always detected at 20-25 meters depth. However, when the active chlorophyll-a and
pheophytin-a concentrations are compared at such depths, it is evident that the major fracti-
on of total chlorophyll-a concentration was in the form of pheophytin-a. The levels and
depths of total chlorophyll-a maxima recorded in the summer of 1989 were coincident with
those measured in the summer of 1983 by TUBITAK (2).

It could easily have been concluded that photosynthetic production was not expected to
take place below 25 meter from the surface of the lake since the measured light intensity
below 25 meters depth was always less than 0.1 % of the surface value (Figure 4). Howe-
ver, at 25 and 30 meters depth, the total chlorophyll-a concentrations were found to be re-
latively high, even to give maxima at 25 meters in August and September 1989.
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Figure 5. Vertical distributions of chlorophyll and pheophytin-a in Sapanca Lake.
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From the literature reviewed, it has been realized that there are two basic biochemical
processes which result in chlorophyll-a maxima below the depth of 1 % surface light inten-
sity: First, various groups (16, 17) have observed deep chlorophyll maxima (DCM) in wa-
ter bodies when the mixed layer (epilimnion) has been depleted of nutrients for sufficient
time (as in the Sapanca Lake) that it has become clear enough to permit phytoplankton
growth in the pycnocline. Neglecting transient phenomena, e.g. settling algal cells, one usu-
ally finds shade-adapted plants growing at irradiances near to or below 1 % of the surface
value, but above the 0.1 % level. Hence, the growth controlling nutrient gradient (nutricli-
ne) appears below the DCM instead of showing a gradual increase from the top of the
pycnocline downward. Secondly, it has been found that, under a variety of conditions algal
carbon: chlorophyll-a ratios vary between 10-250 (17). High algal-C: chil-a ratios in algal
cells have regularly been observed in well-illuminated, nutrient depleted surface water, whe-
reas the lower ratios have been observed under the opposite conditions at the base of the
euphotic zone, resulting in DCM at depth. Systematic decreases in algal-C: chll-a ratio with
depth have been documented in oceanic and coastal waters.

One therefore synthesizes the simulianeous measurements of chlorophyll-a, primary pro-
ductivity, nutrients and light intensity profiles in Sapanca Lake as follows: In the Sapanca
Lake, the 0.1 % depth was generally above 25 m, the DCM observed at 25 m was therefo-
re, a manifestation of-increased cell chlorophyll, rather than of high biomass resulting from
growth in the DCM. If algal-C: chil-a ratio at depths below 20 m has been as high as in
the upper layers we would have observed significant increases in t-P concentrations similar
to those determined in the chll-a concentrations. Below 20 m depth, increases in t-P con-
centrations were insignificant whereas the chil-a concentration amounted to 5-10 times the
upper layer values, depending on the sampling location and time. In other words, increase
in the phosphate-associated organic matter (biomass) was not as high as in chlorophyll-a
observed at 25 m.

In conclusion, the DCM at 20 meters were not only the result of increase in the algal bi-
omass concentration but also of the relative decrease in algal-C: chll-a ratios with respect
to values in the upper layers. However, the DCM observed at 25 m, at which irradiance
was less than 0.1 % of its surface value, very probably resulted from the low algal-C: chil-
a ratios in the algal cells, indicating a relatively low algal biomass concentration at 25 m
with respect to chil-a maxima and biomass concentration at 15-20 meters.

As can be seen from Figure S pheophytin-a profiles generally almost coincide with the
chlorophyll-a profiles and predict that there might exist relatively dense zooplankton popu-
lations below the thermocline. The chl-a/chl-b ratios obtained from trichromatic measure-
ments showed significant variations with depth and time due to relatively dense populations
of phytoplankton having chlorophyll-b pigments at certain water depths. The detection of
high pheophytin values at 25 m, which were coincident with the DCM, could result from:
(a) sinking of a fraction of non-living algae from the upper layer, (b) excretion of algae by
the zooplankton existing at 20-25 meters depth.

Distributions of nutrients: Concentrations of the nutrient elements, nitrogen and phospho-
rus (in the forms of nitrate, nitrite, dissolved ammonia and ortho-phosphate) were found t0
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be very low in the productive zone of the lake water (Figure 6 and 7). No (nitrite+nitratc)

exceeding 2 ppb, was measured in the first 25 meters below the surface. Fugure 6 clearly
shows that, in the deep waters of the lake, the nitrate concentration increased with depth to
a value of about 200 ppb either in consequence of the mineralization of organic matter re-
sulting from the primary production in the photic zone and subsequent digestion of phytop-
lankton by zooplanton or because of the mortality in the upper productive layers. The dis-
solved ammonia concentration was always less than 5 ppb (NH3-N), the detection limit of
the method followed. At intermediate water depths at which the chlorophyll-a and total dis-
solved organic carbon concentrations reached their maxima, some ammonia was detected at
a level of 6-7 ppb. In one of the previous lake studies (1), the concentration of total inor-
ganic nitrogen, (NO;+NO,+NH;)-N, was found to vary seasonally between 0.05-0.4 ppm
in the surface waters and 0.15-0.4 ppm in the bottom waters of the lake in the summer-
autumn months. For example, total inorganic nitrogen concentrations of the deep waters
increased 0.5 ppm in 3 months, from about 0.1 ppm in July, 1988, to 0.6 pm in September,
1988 (1). In oligotrophic lakes, such increases and high ammonia values are unlikely, parti-
cularly in dry summer months. We know that the determination of ammonia at ppb level is
pretty difficult, due to contamination of water samples during sampling, storage and analy-
sis. This could be the principal reason for remarkable differance between the nitrogen data
obtained by DSI (1) and the present study since we always measured very low ammonia
concentration in the lake water.

NO3 +NO2(ppb)
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Figure 6. NO;+NO, profiles
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Figure 7. Vertical distributions of total-phbsphorus and of (NO3+NO,)-N/(1-P) ratios.

The ortho-phosphate concentrations were less than 2 ppb in the water column of the lake
while the (nitrate+nitrite) levels increased steadily in the deep water (Figure 6). The total
phosphorus concentration was found to be in the range of 6-12 ppb (Figure 7), with the ex-
ception of some maxima recorded at those water depths at which chlorophyll-a and TOC
(total organic carbon) maxima were determined. The deficiency of o-phosphate in the deep

waters of the Sapanca Lake revealed that the major fraction of phosphate dissolved in the

lower layer sedimented as a result of chemical reaction and adsorption onto particulate mat-
ter in the hypolimnion. The (NO3+NO2)/(t-P) ratio in the deep waters (below 25 m) increa-
sed with depth, from a N/P ratio of 1-4.5 at 25 m to a ratio of 21-26 at 40 meters depth.
When the total nitrogen (organic-N + inorganic-N)/(t-P) ratio is calculated from the t-N and
t-P concentrations given in Table 1, it is seen that the N/P ratio is about 60 in the surface
waters and drops to 30 in the bottom waters of the lake. The significant difference in the
N/P ratios of the two layers is probably caused by the excess dissolved organic nitrogen of
humic origin together with the relatively low mineralization rate in the surface waters. The
low (inorganic-N/organic-N) and high (t-N)/(t-P) ratios observed in the surface waters (?f
the lake indicate that a significant percentage of the dissolved organic nitrogen is not avai-
lable in photosynthsis through the mineralization reaction and .some proportion of the
phosphate probably sinks down to the lower layers. It should be remembered that measured
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t-N concentrations could be higher than the real values since the open digestion procedure
followed might have permitted the contamination of the sample by ammonia absorption
from the air in the laboratory.

Bioassay study: Nitrogen and phosphorus are the most important nutrients limiting algal
growth in natural water bodies. In addition, diatoms need silicate for the formation of shell.
In order to control eutrophication effectively, the relation between algal growth and nutri-
ents must be thoroughly investigated. Bioassays carried out in September 1989, to determi-
ne the nutrient element limiting primary production in the lake showed no increase in algal
production ((biomass) in nutrient-enriched samples compared to the unspiked control samp-
le. Biocassays indicated that either the concentrations of phytoplankton were not high eno-
ugh to consume the nutrients added to the samples or, more probably that other nutrient
element(s) (c.g. essential metals) were needed to increase phytoplankton production, toget-
her with nitrate and phosphate in the surface water in September.

Primary Production: Vertical variation of phytoplankton production (mg C m-3 day-1) in
the lake water, measured by the 14C technique, in August and September, 1989, is depic-
ted in Figure 8. As can be seen from the figure, production ranged between 3 and 35 mg
C m-3 day-1. The algal production rate was found to be generally higher in the surface la-
yers. This mainly resulted from the continuous regeneration (recycling) of nutrients consu-
med by algae and the upward diffusion of nutrients released at the thermocline depth by
wind induced vertical mixing. However, the greater rates still observed at 4-6 m in Septem-
ber strongly indicates the atmospheric input of nutrients through occasional precipitation
and dry fall out. To assess the rate of nutrient input into the lake through the atmosphere
in this urbanized area long-term air sampling and analyses are needed.
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. The rate of primary productivity with depth in Sapanca Lake.
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As can be seen from Table 2, the rate of total algal production in the photic zone was a
liwle higher in September than in August; no important spatial differences indicating local
pollution or nutrient inputs from streams were observed.

Estimation of Trophic State Index: One needs a simple index of lake quality that: (a) is
not lake specific; (b) is useful for decision making, prioritization, and public awareness;
and (c) is objective, independent of other variables and easily measured (12, 13).

The ideal trophic state index has been developed by Carlson (12) using the relationship

. between algae biomass and Secchi Disk (SD) transparency. The equations are as follows:

TSI (SD) = 60-14.427x1n(SD) )
TSI (chl-a) = 30.6+9.81x1n(chl-a) 10))
TSI (t-P) = 4.15+14.427x1n(1-P) A3)

The assumptions inherent in these equations have been reviewed recently (7), whilst the
complete scale and its associated parameters are shown in Table 3.

The TSI values for Sapanca Lake have been calculated using Equations 6, 7 and 8, from
Secchi disk transparencies, chlorophyll-a concentrations (corrected for pheophytin-a) and to-
tal phosphate levels. The results are shown in Table 4.

It should be emphasized that the number generated is only an INDEX of the trophic sta-
tus of a lake and does not define the trophic status (12, 13). In other words, chlorophyll-a
and t-P are not considered as the basis of a more broadly defined concept. The best indica-
tor of trophic status may vary both from lake to lake and also seasonally, so the best index
to use should be chosen on pragmatic grounds.

SD transparency might be expected to give erroneous values of TSI in lakes containing
high amounts of nonalgal particulate matter, in highly colored lakes and in extremely clear
lakes. Chlorophyll-a values are apparently free from interference, especially if the values
are corrected for pheophytin. It may be that the TSI number derived from chlorophyll gives
the best estimates of algal biomass in most lakes and that priority should be given to its
use as a trophic state indicator (12, 13). Accurate index values from total phosphorus de-
pend on the assumptions that phosphorus is the major limiting factor for algal growth and
that the concentrations of all algal forms of phosphorus present are a function of algal bio-
mass (12).

As shown in Table 4, TSIs for the Sapanca Lake ranged from 16 to 36 during the July-
September period. The TSI values computed from the data at Station A were found to be
generally less than those at Station B. No significant fluctuations in TSI were observed in
August and September, except for the TSI value based on chiorophyll-a at Station A in Au-
gust.

Multidimensional observations conducted by limnologists in different lakes up to 1980
and TSI values calculated from chlorophyll-a, secchi disk transparency and total phosphorus
measurements have shown that TSI values of less than 45 indicate oligotrophy and values
greater than 50 indicate eutrophy (13). From this conclusion and the TSI values shown in
Table 4, it is evident that the Sapanca is an oligotrophic lake.

279



Determination of Limnological Characteristics of
E. MORKOC Sapanca Lake E. MORKOG

the Sapanca Lake 3- TUGRUL'L)MIM ion of Limnological Characteristics of - S. TUGRUL,

icated the water column of the lake to be phosphate deficient and one predicts that the la-
¢ might be very sensitive to a long term phosphate loading.

At present, the relatively low concentrations of inorganic ions suggest the continuous use
f the lake for drinking and process water to be safe though no search has been made for
¢ organic and inorganic contaminants. The level of fluoride ions was below that reco-

ended for healthy teeth in children.

Major and trace metals in the sediments of Sapanca Lake: The distributions of me
concentrations in surface sediments collected by a grab-type sampler from the points show
in Figure 1 are presented in Table 5. The reference sediment sample (SD-N-1/2) suppli
from the International Atomic Energy Agency, Monaco, was analysed to check the reliabi
lity of the analytical procedure. The certificated metal concentrations in the reference samp
le are also included in the table. In general, no regional differences in trace metal concent
rations, indicative of local metal pollution were observed. However, the sediments from th
sampling points T-5 and A-4, which were relatively close to the land and under the direc
influence of two streams, generally had relatively low metal concentrations. The highest le
ad concentration in the sediment was measured at point T-1.
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Table 5. Concentrations of Major and Trace Elements in the Sapanca Lake Sediments

Station Number® Ref. | Ref? | Referencd
Element sedim. | sedim. | sedimenent
il 13 Ts| a1l A2| A3 | Ad4| AS
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