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ABSTRACT

Narta Lagoon, one of the largest and most importadstal ecosystems of Albania, is situated on the
south-eastern coast of the Adriatic Sea, northwegtart of Vlora district. Turbidity which expressthe degree to which
light is scattered and absorbed by molecules anities, is a measure of the degree of the wagarsfrarency losing by
the presence of suspended particulates includirdimeats and phytoplankton. Water turbidity is meaduin
FTU (Formazin Turbidity Units) applying a turbiditee, typeHANNA HI 93703-11. Water transparency that indicates the
level of biological activity can be measured easijng a Secchi disc (Horizontal black disc). Hontal Secchi disk was
applied to measure the Secchi distance in Nartaolags a shallow one. The distance at which the disappears is

recorded as the measure of water visibility.

Turbidity parameters are measured every two weeles a sampling period from July to November 2011,
at each of four selected sites differentiated atlagoon water communication. Turbidity and tramspay values of the
sites varied noticeably exhibiting spatial diffecen by station as well as changes over the sampérigd. The observed
variations can be explain by the communicationlagaen, fresh water supply as well as by the poifuhear the urban
areas. Analysis of variance (one-way ANOVA) detdctgnificant sites effect at Narta ecosystem (F0.€1).
Water transparency recorded as Secchi distancetwrbitlity measured in FTU were strongly correlatiadten in
consideration all selected sites over the sammargpd. The relationship between these parameterbe expressed by an
inverse power trendline,?R 0.95. Classification of Hakanson and Carlsoateel to the Secchi distance measurements as

bioindicator of algal abundance allowed to chardmtethe selected sites of Narta lagoon by diffetewel of trophic state.
KEYWORDS: Narta Lagoon, Secchi Disk, Transparency, TrophiteStTurbidity, Turbidimeter, Water Ecosystem
INTRODUCTION

Trophic status of the water bodies could be clesbkif on base of four indices
(water clarity, chlorophylla, total phosphorus and total nitrogen) which can used as indicators to measure
“biological productivity” of a water body or capéagito support life (Carlson, 1977; Hakanson, 200#ansparency of
water, which indicates the concentration of dissdland particulate material in the water, can leel tie estimate the level

of biological activity in a waterbody. Transparemigcreases as algal abundance and/or suspendawatincreases.

Measuring the clarity of water-which can be affdcby soil erosion, runoff from urban and agricudiuareas,

wastewater and stromwater inputs, alga and platenmmas, and abundant bottom feeders stirring ulinsent is important
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in evaluation of trophic state at aquatic ecosystén). Transparency as a measure of water claaitybe used for trend
analysis in a waterbody, for location of differesda transparency within a waterbody, and to compaaterbodies.
If, the measurement of other variables such agaphyll and total phosphorus are included, impdrtaformation on the
relationships between these trophic state variatdae provided. Transparency can be measurdg applying a Secchi

disc that has the advantages of integrating tusbalier depth where variable turbidity layers aresent (5, 6).

Turbidity as an optical property which describes tfarity of the water is a measure of the degoeetiich the
water loses its transparency due to the presencsusiended particulates including sediments andoplankton.
As turbidity measures the light scattering effegshspended solids, the higher the intensity oftexd light results to the
higher of the turbidity (1, 2). The suspended ptas absorb heat from the sunlight, so turbid veatercome warmer,
and as a result reducing the concentration of axyigethe water. The suspended particles also scHite light,
thus decreasing the photosynthetic activity of fslaand algae contributing to low the oxygen coneion even more.
Turbidity should be measured in the field. The modtable method of determination are based on elephetry
(the property of light scattering by suspendediglag) using a turbidity meter (4).

Transparency and turbidity of the water are reldatedhe type and concentration of suspended matténe
waterbody. These can be silt, clay, fine particdesrganic and inorganic matter, soluble organimpounds, plankton and
other microscopic organisms (approx. 10nm to 0.limdiameter) (3). Turbidity is related to the sesdtig and absorption
of incident light by the particles, whereas thenggzarency is the limit of visibility in the watedBoth can vary seasonally
according to biological activity in a waterbody.aBering of light from a certain amount of partetas is related to their
properties as shape, color, and reflectivity. Alseavier particles precipitate quickly and do notcbute to a turbidity
reading. Turbidity, for these reasons, can be edlab TSS and sometimes can be used as a indiesdurement for

TSS being rather unique for each location or siwaf3).

"Trophic status" of water bodies can be classifi#td four categories from the lower to the highevdl of the
biological productivity: Oligotrophic (clear and blue water, with very low levels of nmnts and algae),
Mesotrophic  (slightly green water, still clear, moderate Ievelof nutrients and algae),Eutrophic
(green and murky water, with higher amounts of ieots and algae) and Hypertrophic
(supersaturated in phosphorus and nitrogen, exeephiytoplankton growth, poor water clarity). Watkedy with extreme

low trophic indices may also be considehggderoligotrophic (8, 9).

Another classification system, trophic State Indi€€SI) (10) provided a single quantitative indexcategorize
waterbodies in range from 1 to 100 reflecting aticmrum of “states”. It is based on the amount @ldjical productivity
occurring in the water applying three variables #malr relationships: chlorophyll, Secchi distantgal phosphorus and
nitrogen, that independently estimate algal biomd$e index is an effective method of classifyimgphic status in
different waterbodies. Ranges of trophic statexndues are often grouped into trophic state diaatons: Values less
than 40 are associated with oligotrophy (low prdiditg); the range between 40 and 50 is usuallyoeisded with
mesotrophy (moderate productivity); values gretitan 50 are associated with eutrophy (high proding}i(8, 9).

The aim of the presented paper was to characténzevater turbidity and to classify trophic statnsNarta

lagoon based on this bioindicator.
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MATERIAL AND METHODS

Narta Lagoon

The Narta Lagoon is one of the most important lagoof Albania. This is situated in the northerntparthe
Vlora Bay, about 3 km from Vlora City. Two islandse located in the south part of the lagoon. Naegoon has a
surface of 41.8 kfy the maximum depth is 1.5m and the average deftm.0About 1/3 of its surface is used for salt
extraction. Narta Lagoon is divided from the Adddbea by the low hills of Zverneci-Treporti and dyittoral cordon of
about 8 km long and width of 100-1400m. The Narégdon is connected to the Adriatic Sea by twoieidif channels,
the South and the North Channel, that realize weatehange process between the lagoon and the isdbiad.

The South Channel is 110m long, 18m wide, 1.67npdése North Channel is 650m long, 20m wide and
0.54m deep. Limniological regime of Narta Lagoodésermined by the hydrologic and climatic condig®f surrounding
area and the water exchange degree with the Adi&sa. At the same time a shallow zone forms adoarn the middle
south-western part. Water evaporation of the Nadagoon has a greatly increased during the sumnwath, high
temperatures; the water exchange between sea gmuhlés decreased; the flow from the affluent basipractically zero
and the rainfall is almost completely absent. Urglezh conditions, the quantity of the water evafilmgacauses a great
increase of the average salt concentration. Theigmaof this change is increased in the relatmthe distance from the
lagoon inlets. During the winter the effect prodiidey the evaporation and the effect of drainagénbdstermine water

shortage.
Four sampling stations were chosen in Narta lagoon:

Station 1: N 40° 33’ 46.6"; E 019° 26’ 70.0": is located ndhe embankment between the lagoon and the

Salinas of Skrofotina; is the nearest site to thieh@&rn communication channel with the sea.

Station 2: N 41° 47’ 10.1”; E 019° 36’ 31.4”: is located near emkment between the lagoon and salt mine,

situated on the east of station 1.

Station 3: N 40° 30’ 57.5”; E 019° 25’ 36.7": is located near tfieeporte; near the sourthern communication

channel with the sea.
Station 4: N 40° 31’ 05.6”; E 019° 24’ 20.5": this site is neaetisland of Zvernec, positionated near the brige.
Horizontal Black Disc

Horizontal black discs are devices for measurindeawater visibility in shallow waters where tradital vertical
Secchi discs are impractical. In shallow waterdlafta lagoon where the Secchi disk can still be seethe bottom and
cannot be used, the horizontal disk is applied ¢asare the turbidity (5, 6). The horizontal blagkcddeveloped by (16)
consists of a black disc on a stick and a periscegaed with thick, clear, and plastic on one @i disc and the covered
end of the periscope are placed close togetherwatier, and then pulled apart until the disc idonger visible through

the periscope. The distance at which the disc gisafs, and just reappears, is recorded as the reeafstisibility.

Because the black disc does not reflect light (lglgahis measure of visibility allows one to estite the beam
attenuation coefficient, an inherent property ghti Light attenuation by suspended matter hasran types of biotic

effect: reduced light penetration into water forofgsynthesis (21), and reduced visual range ofteiblorganisms.
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Two aspects of water clarity, light penetration aislal clarity, are both strongly affected by srsgled matter in water
and both are related to the optical properties afew (16). Discussion of these two concepts aed tielationship to
turbidity and to suspended sediment has a greairianpce.

Turbidity of Water

Turbidity of water is measured in FTU (Formazin Bidity Units) which is the most widely used measoeat
unit for turbidity applying a portable turbidimetgmpe HANNA HI 93703-11. The device measures therisity of light
scattered at 90 degrees as a beam of light passegyh a water sample. The method is based upemaarison of the
intensity of light scattered by the sample unddiinge conditions with the intensity of light scattd by a standard
reference suspension (12). HI 93703-11 turbidityemés a portable, microprocessor-based instruraset! to determine
the turbidity of water and wastewater. The meterec® a 0 to 1000FTU range in two scales: 0.00-5@ufd 50-1000.
HI 93703-11 has been designed according to the 08D Tnternational Standard. HANNA instruments use primary
standard AMCO-AEPA-1 to avoid all formazine-relafgblems as a very toxic, unstable substance. &l&mstruments
standards are extremely stable, can be reused|aghdip to six months, if free from contaminatidrhe instrument
functions by passing a beamiafrared light through a vial containing the sampking measured. The light source is a
High Emission Infrared LED (wavelength 890nm), eirgyithat the interference caused by colored sasnigleninimum.
A sensor, positioned at 90° with respect to thedlion of light, detects the amount of light scatteby the undissolved

particles present in the sample. The microprocessaverts such readings into FTU values.

The water turbidity parameters (turbidity and visakarity) were measured every two or three weekslha
selected sites in Narta lagoon from July to Noven({2€11), and every week in period from March toriAf2012).
Measuring operations were repeated three timesct site during each measurement. Physical paresnetevater as

temperature and pH were measured too.
Chlorophyll Content

Content of chlorophylh was determined according to the acetone trichnocmnagthod using the equations based
on the absorption maxima for each component reisiedgtchlorophylla, b, ¢ (with coefficients of Jeffrey & Humphrey).

All absorbance values are corrected taking in cm@wation the turbidity of acetone extracts (17-20).
Calculation of the TSI (SD)

Carlson's index uses a log transformation of Sedigk values as a measure of algal biomass onla o
0-110. Each increase of ten units on the scalesepts a doubling of algal biomass. Values of thdsGn Trophic State
Index for Secchi disk TSI (SD) and chlorophyll cemt TSI (Chl) were calculated by the formulas:
TSI (SD) = 60 - 14.41 In(SD), where SD represenéecBi depth in meters; TSI (Chl) = 9.81 In(Chl) 6.6
where Chl represents chlorophglicontent in mg i (10, 11). The Carlson trophic state index is usedcomparing the

selected sites in Narta lagon and to assess changephic status over monitoring time.
Evaluation of Trophic Status

Trophic status evaluation was based on the HakaamdnCarlson classifications related to the Sedddtance
and chlorophyll content measurements as well ass@ds index calculated on Secchi disk distance esmtent of
chlorophyll (8-11) (Table 1, 2).
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Table 1: Trophic Status Based on Chlorophyll (Chl),

Phosphorus (P) and Secchi Distance (SD) (8)

. SD Chl a Total P
Trophic Status m | (mgm? | (mg m?¥
Oligotrophic >8-4 0-2.5 0-10
Mesotrophic 4-2 2.5-8 10-30
Eutrophic 2-0.5 8-20 30-90
Hypereutrophic| <0.5 >20 >90

Table 2: Relationships between Trophic Index (TI)Chlorophyll (Chl), Phosphorus
(P, Micrograms per Litre), Secchi Depth (SD, Metresand Trophic Status (13)

TSI Chl P SD (m) Trophic Class Attributes
<30 0-0.95 0-6 >8 Oligotrophic Clear water, high DO throu_gho_u
the year in the entire hypolimnion
<30-40 | 0-26 | 0-12 84 | Oligotrophic | Clear water; possible periods of
limited hypolimnetic anoxia.
Water moderately clear;
40-50 2.6-7.3 12-24 4-2 Mesotrophic | increasing probability of
hypolimnetic anoxia on summer
50-60 | 7.3-20| 24-48| 21 | Eutrophic (Mild)AnoXC hypolimnia, macrophyte
problems possible.
60-70 20-56 48-96 1-05 Eutrophic Blue-green algae dominate, algal
scums and macrophyte problems
70-100+| 56-1554 96-384} 0.5-<0.35 Hypereutrophco Nt limited productivity. Dense
algae and macrophytes.

Statistical Analysis

Correlation analyses and multiple regression amalysere used to describe the relationships betvileen
variables of interest (Secchi depth and turbiditylifferent stations. Analysis of variance (oneywWENOVA) was used to

test for differences between sites and samplinpger

RESULTS AND DISCUSSIONS
Turbidity of Water

Turbidity values of the Narta lagoon measured ey ttirbidimeter ranged from 0.12 to 16.92 FTU; thedst
value was measured at Station 1 on November whéneasghest one was measured at Station 4 on pid-@igure 1).
The dynamics of water turbidity on selected staion Narta lagoon showed the same variations duhirgmonitoring

period July-April (Figure 1).
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Figure 1: Variation of Turbidity in Narta Lagoon du ring Monitoring Period
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Values of water turbidity were increased from Jahowing the highest value on mid September; afiat, t
the water turbidity was reduced up to very low ealwon November. The water turbidity of station gresented much
higher values than those at other stations thrabighmonitoring period July-November. Higher valeégurbidity could
be explained by the communication of this statidtihwhe sea (it was situated at the larger distdodbe communication
channel compare to the other stations) and the leigh of pollution during the summer. While, dugimonitoring period
from March to April the water turbidity of statioA represented much higher values than of threer cttagions.
Water turbidity of station 1 and station 3 in Naagoon showed very low values during monitoringigme demonstrated
the highest values on beginning of March and endprfl respectively (Figure 1). These stations weharacterized by a
good communication with the sea, especially stalichat was very close to the sea-lagoon channebofmunication.
The average values of water turbidity taking ingidaration measured values during monitoring pediechonstrated than

turbidity of station 2 in Narta lagoon was highiean turbidity of three other stations (Table 3).

Table 3: Turbidity of Water of Narta Ecosystem

Narta Turbidity of
Lagoon | Water (FTU)
Station 1 2.19
Station 2 6.71
Station 3 2.81
Station 4 6.23

Mean 5.50

Single-factor analysis of variance (one-way ANOVdgtected significant sites effect: Significant ei#fnces
between station 2 and three other stations at Nagaon (P < 0.01) but no significant differencesoag these
three stations (St. 1, St. 3 and St. 4).

Secchi Disk Distance

Secchi distance values of the Narta lagoon measoyeithe horizontal Black disk ranged from 0.7 td én;
the lowest value was measured at Station 4 on mid-#hereas the highest one was measured at 8tatan November
(Figure 2). Water transparency (Secchi distancestatfon 1, station 3 and station 4 at Narta lagg@monstrated higher
values on August. After that, the water transpayewicthese stations is decreased up to end of Bdystiebeginnig of
October and later was increased continuously upldeember, obtained maximum values of transparefiyu(e 2).
Stations 1 and 3 were characterized by a good ctioneto the sea, especially station 3 which waarereto the

sea-lagoon communication channel.
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Figure 2: Variation of Secchi Depth in Narta Lagoonduring Monitoring Period
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Water transparency of station 2 of Narta lagoonalestrated also the highest value on July. Aftet, titee water
transparency is decreased on August and laterneasased on the beginning of September, but wagegdagain on the
mid-September but afterward was also increasedreanisly up to the maximum values of transparentyNovember
(Figure 2). The monitored water transparency of giation at Narta lagoon presented lower valuas tither stations.

This could be explained to a bad connection ofesta to the sea as well as to a higher polluti@ntother stations.

The mean values of water transparency taking insidemation measured values during monitoring period
demonstrated than average transparency of stationNarta lagoon (1.85m) was considerably lowemtltiaree other
stations (St.1 - 3.12m; St.3 — 2.82m, St.4 — 2.2myiance analysis by one-way ANOVA detected sigaift sites effect
at this ecosystem: Significant differences betwstation 2 and three other stations at Narta lagéos 0.01) but not
among these three stations (St. 1, St. 3, St. 4).

Turbidity and Secchi Depth Relationship

Secchi disk transparency and turbidity are strorugigrelated taken in consideration all selectedssaver the
sampling period. The relationship between theseamaters, distance of the viewing Secchi disk arbidity,

can be expressed by an inverse power functiongX3 that is characterized by a negative correlatiigure 3).
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Figure 3: Relationship between Turbidity and the Deth of the Viewing Disk in Narta
Lagoon (Inverse Power Function y = 2.87° %% R2 = 0.95)
Based on all the data of the measurements performidrta lagoon, the equation of the power funttan be
described by the values of parameters as a = ».87,0.36, and high correlation displayed by theugaR2 = 0.95
(Figure 3). Variability of turbidity and transpagnin monitored stations as well as their differemare quite exhibited by

comparison the scale of these parameters on gregyriesentation (Figure 3).
Chlorophyll Content

Dynamics of Chl content of the selected stations demonstratedsdlthe same variation from April 1 to April 3
in Narta lagoon (Figure 4). Chlorophyll contentNHrta lagoon, station 2 and station 4, demonstitaediighest values on
April 1. After that, the Chl content is decreasedApril 2 and then is increased on April 3. Chldmgib content of station
1 and station 3 of Narta lagoon demonstrated thedb value on April 1. After that, the Chl contémtdecreased up to
April 3. The Chl content of monitored station 1 astdtion 3 of Narta lagoon represent the lower eslthan two other
stations. These two stations can be characterigea ¢pood connection to the sea, especially sta&iavhich is located

nearer to the communication sea-lagoon.
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Figure 4: Dinamics of Chlorophyll a Content in Narta Lagoon
Trophic State Evaluation Based on Secchi Distancand Trophic State Index TSI (SD)

The monitored water ecosystem of Narta lagoon @gHaracterized by different level of trophy basedthe
trophic state classification by Hakanson (10, Ilighle 4, Figure 5). Average values of Secchi digaof each sampling
site over the sampling period allowed to clasdify trofic status of all stations in Narta lagoomassotrophic, where the

trophic status of station 2 is higher than the the

Table 4: Trophic Status by Secchi Distance and Cl@ontent of Narta Lagoon

2012 Trophic Index Mean Trophic
Station | SD(m) | Chl (mg/m®) | SD | Chl Status
Narta 1 3.10 1.601
Narta Narta 2 1.82 4.216 .
Lagoon | Narta3| 2.75 1315 | 247| 2-308 Mesotrophic
Narta 4 2.19 2.101

Calculated values of trophic state index takenansaderation Secchi distance TSI (SD) and chlorbptontent
TSI (Chl) and based on the Carlson trophic staassification (Table 5) (10,11) exhibited that thephic status of all
stations in Narta lagoon could be evaluated as trogstc.

Table 5: TSI Values of Trophic State Index Taken inConsideration
Secchi Distance and Chl Content of Narta Lagoon

2012 Trophic Index Mean Trophic
Station | TSI (SD) | TSI (Chl) | TSI (SD) | TSI (Chl) Status
Narta 1 50.15 35.22
Narta | Narta 2 59.79 44.71 Mesotrophic
Lagoon| Narta 3 49.27 33.29 54.27 3r.18 to eutrophic
Narta 4 57.87 37.88
80

Narta lagoon

60 N

= 40 A
o e —
20 —+—TSI Chl
=TS 5D
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Figure 5: TSI Values of Trophic State Index Takenm Consideration
Secchi Distance and Chl Content of Narta Lagoon
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Calculated trophic state index taken in considematsecchi distance TSI (SD) exhibited higher valthem
trophic state index taken in consideration chlogtiptontent TSI (Chl) (TSI (SD) > TSI (CHL)) showgrthat a non-algal

particulates or color dominate light attenuationvetter of Narta lagoon (Figure 5).
Relationship between Turbidity and Trophic State Ealuated by Other Bioindicators

In previous studies, trophic state of some watddsoavas evaluated based on chlorophyll a as bicénoli
(14, 15). Narta lagoon was characterized by a megbic status represented higher level in sitegh thther sampling
sites, taking in consideration the mean valuestdfoGntent of all selected stations over a peribvo years.

The large number of criteria that have been usatktermine trophic status has contributed to thetestion that
the trophic concept is multidimensional, involviagpects of nutrient loading, nutrient concentrama productivity.
Consequently, trophic status could not be evalubtedxamining one or two parameters but would kteball of them.
It is suggested that for purposes of classificapwoiority would be given to the biological paranmsteespecially the
chlorophyll index during summer, and the phosphosisies. A reasonable estimation can be made thro& values
calculated on the base of all bioindicators as Bedisk transparency, chlorophyll and total phosplahat would result

in about the same index value during any periodh@fyear.
CONCLUSIONS

Turbidity and Secchi disk transparency exhibiteghhvariability over the entire sampling period atle station
and between stations in Narta ecosystem. Obserifferetices on turbidity/Secchi distance transpayettorough

monitored sites showed highest values of turbilbityést values of transparency at station 2.

Spatial differences by sites on turbidity/transpase level of the selected stations on Narta ecesysivere
observed as well. These differences could be exgidbby the communication sea-lagoon, fresh wafgplglas well as by
the pollution near the urban areas. A possible thegyaorrelation between the Secchi distance traresgy and the water
turbidity can be existed at Narta lagoon. The i@fship can be expressed by an inverse power fumetnd characterized

by a high correlation as displayed by the valueR%t 0.95.

Single-factor analysis of variance (one-way ANOM&tected significant differences through differemtnitored
sites (P < 0.01) related to the turbidity and Seddk transparence too: Significant differencesMeen station 2 and three
other stations at Narta lagoon. Classification ak&hson and Carlson related to the Secchi distare@surements as
bioindicator of algal abundance allowed to chammtethe selected sites of monitored ecosystemiffgrent level of

trophic state: Narta lagoon could be evaluated esotnophic, showing spatial differences by stations
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