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Abstract

Many fish cages have been established along Shatt Al-Arab River by Directorate of Basrah agriculture in
which the synthetic food supplied to fish may contribute in entrance of organic materials into Shatt Al-Arab
water and it might be distributed for a wide distants by tide and waves. So, the present study was conducted
to assess the environmental affect of fish cages on BadRalers. Four diatom indices were applied so as

to assessment the potential impact of fish cages on water quality (trophic & organic pollution) at the studied
sites. They are: Polluton tolerance index (PTI); Watanebe diatom index (DAIpo); Saprobic index (S) &
biological diatom index (IBD). Diatom indices values except Rfdnes showed that the studied sites
were neither very clean nor severe polluted during the study period. PTI values indicated ecological status
ranged from beta-mesosaprobic condition to alpha-mesosaprobic one for the studi@A§iesi/alues
indicated good conditions for all sites. IBD values indicated ecological status ranged from good to bad
condition. S values indicated ecological status ranged from beta-mesosaprobic condition to alpha-
mesosaprobic one. In conclusion, our results showed thatods unsuitable as an index of trophic and
saprobity status because its calculation comprised few number of diatom taxa that represent trace
percentage of the total abundance of diatom. Both PTI and IBD indices indicated to the presence of
eutrophication phenomenon resulting from self-purification process. While Saprobic index gives an
obvious picture of the organic & trophic status for the studied sites.

Keywords; fish cags-eutrophication- organic pollution-diatom indices.

Introduction

Aquaculture has become one of the fastest growing food industries in the world. Like many other
industries, aquaculture, and especially fish farms may cause negative effects on the environment, such as
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eutrophication, which is recognized as a majorahte aquatic ecosystems [1]. Cage culture invotiies
practice of fish in cages and it usually appliegxasting water bodies that cannot be drained. mb&t of
cage culture include the flexibility of managemesdse and low cost of harvesting, low capital itmest
and close observation of fish feeding responsesadis, health situations and economical treatmégnt [2
Many fish cages have been established along Sha#tab River by Directorate of Basrah agriculture i
which the synthetic food supplied to fish may cimite in entrance of organic materials into ShatArab
water and it might be distributed for a wide dis¢doy tide and waves.

Eutrophic waters are characterized by excesaligal growth as a consequence of nutrient eneciisn
However, a number of definitions have been propdsedarious authors and authorities [3, 4, &]@&nd
[8]. According to Vollenweider [3]: “Eutrophicatior in its more generic definition that applies tthb
fresh and marine waters — is the process of engcdtraf waters with plant nutrients, primarily nigen
and phosphorus that stimulates aquatic primaryymigh and in its more serious manifestations leads
visible algal blooms, algal scums, enhanced beratlgal growth of submerged and floating macropHhytes
The definition proposed by UNEP [7] emphasizes dbetribution of organic matter: “Eutrophication is
defined as an environmental disturbance causedxbgseive supply of organic matter. Although all
definitions “agree” that eutrophication is the isase of algal material, they differ as far as tin@lasis is
concerned, on the impacts. The most comprehensifimittbn of eutrophication has been given by
Vollenweider [3] listing most of the disturbanc&n the other hand, Gray [4] excludes the presefice o
toxic compounds. It is a rather unusual approaehUNEP definition [7] since eutrophic trends argoal
induced by inorganic nutrients such as agriculttettilizers. All the definitions mentioned abovgree at
one point: they consider eutrophication as a “disnoce” and not as a form of pollution.

The value of algae as bio-monitors and bideaibrs has already been recognized in the mfi 19
century: the first concept which has been developas the system of saprobity. It was mainly designe
for organic pollution of streams and rivers [9].idtgenerally accepted that the communities of agua
organisms can serve as indices of pollution. Adogrdo Padisak [10] after macroinvertebrates and
bacteria, algae represent the third most impodemip applied for monitoring purposes both in freater
and marine environments. Diatoms are valuable &tdis of ecological quality: they respond direethd
sensitively to many physical, chemical changes qnatic environment. They are found in almost all
aquatic habitats. They also among the short genartimes of all biological indicators, allowingein to
respond rapidly to environmental changes and teigeoearly warning of potential changes in nutrient
status for different water bodies [11]. So, thesprg¢ study was conducted to assess the environmenta
affect of fish cages on BasratRivers.

Materials and methods

The study area

Monthly samples of water were collected fritnee sites along Shatt Al-Arab River (Qurna, Dayd
Abu Al-Khaseeb) located near fish cages on theodesixtended from February/2013 to June/2013. While
periphyton (i.e. attached algae) were collectednftbe same sites in some months as shown below in
figure 1.

Water analyses:

Electrical conductivity was determined n dity multimeter apparatus. Nitrite, nitrate, orthopploate
were determined according to Strickland & Parsdj.[Total Kjeldah nitrogen (TKN) and total phosohre
(TP) were determined according to APHA [13] (19980D was digested by using Lovibond kit then
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determined by titration according to dichromate hodt mentioned in APHA [13]. BODwas determined
by Winkler method according to APHA [13]. Chlorophg was determined at 663 nm and 750 nm
according to APHA [13].

Figure 1: map illustrated the three sites of the stdied fish cages at Shatt Arab in Basrah
Governorate.

Diatom analyses

N situ, filamentous algae attached on fishesagere collected from the studied sites by scrapfsfiom
an area approximately of about 100°and preserved with 4 % formalin. Later, afteuretto laboratory
they were sonicated for 5 minutes in order to degmiphytic diatoms (figure 2) then filtered andared
by digestion with sulphuric acid and potassium dichate for identification under light microscope.

Permanent slides for diatoms were made witha@a balsam and the identification were done up to
species level by using identification keys of R&ti& Reimer [14],Wehr & Sheath [15], and the folliogy
literatures: Hadget al.[16]; Al-Handal [17]; Al-Handal & Abdullah [18]. And at least 400 valvesdiitoms
were counting in each slide then their results eoted to relative percentage.
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Trophic & organic pollution indices

Four diatom indices were applied so as tossssent the potential impact of fish cages on wati@lity
(trophic & organic pollution) at the studied sitéhey are: Polluton tolerance index (PTI); Watanebe
diatom index (DAIlpo); Saprobic index (S) & biologldiatom index (IBD).

Pollution tolerance index (PTI)

According to Muscio [19], the diatom Pollutitolerance index was calculated based on thevioip
formula:

pT| =2 D)
N

Where:n; is the relative abundance of each taxa ; N isat& number of all taxa t; is the tolerance
value of each taxa which ranged from 1(toleranae) (sensitive). According to the formula abovs,; N
of each taxa is multiplied by its tolerance valtjge &nd summed over all data. The result for eaatptais
a composite value representing the pollution toleeaof the community sampled. Tolerance values ftom
to 4 have been assigned using Lange — Bettaldesignations [20] as follows: 1= polysaprobic
(excessively polluted); 2 = alpha-mesosaprobic (heavily polluted); 3 = beta-mesosaprobic (moderately
polluted) and 4 = oligosaprobic (slightly polluted)

Watanebe diatom index (DAIpo)

The calculation of DAIpo was according to Wegheet al [21] whose classification based on relative
abundances of pollution tolerance taxa and thixnstore represents the species' optimum tolerance
BODs (Biological Oxygen Demand: a proxy indicator faganic content) on a scale ofl00; The taxa
employed in this index are divided into three giugaprophiles, eurysaprobes and saproxenes. @he in
has the following two versions [22]:

DAIlpo = 100 X7, 5;- 0.5%7_, e;
DAIpo = 50 + 0.557_; x;— X7, si)

Where DAIpo: is the index value (%), : selative abundance (%) of the saprophilous ja : relative
abundance (%) of the eurysaprobic taxon j;,:xelative abundance (%) of the saproxenic taxoft]
DAIpo > 60 % saproxenic diatom prevaihd the quality of water is regarded as good. DAtp20 %
indicates prevalence of saprophilous diatom an@miatregarded as strongly polluted.

Saprobic condition index (S)

The number and frequency of the diatom species avadyzed to reveal any possibility of an
association between diatom communities and thentcgaollution prevailing at the sampling statiorher
saprobic index (S value) was evaluated based ofothaula proposed by Pantle and Buck [23] as shown
below:

S=X (sh)y X (h)

Wheres is the indicating value of indicator species adoay to the list of Van Daret al [24] andh is
the frequency of the presence of each indicatocispéound which is divided into three: rare = dmenon
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= 3, and abundant = 5 . The saprobic index (S Yyalileommunity rankgrom 1 to 4: S from 1 to 1.5 for
oligosaprobity (clean), S from 1.5 to 2.5 for batasosaprobity (moderately polluted), S from 2.8
for alpha-mesosaprobity (heavily polluted), andd@rf 3.5 to 4 for polysaprobity (excessively poltlte

Biological diatom index (BDI)

The calculation of BDI index, or IBD in Frenclwvas done by an excel programme. According taeCos
et al [25], BDI is a standard index, and is routinelgdso assess the water quality of rivers and stseam
its calculation, the abundance of diatom taxa dedleével of pollution sensitivity or “ ecologicatgdile ”
determined for each of them by multimetric stataitianalysis against seven ecological parametéts (p
conductivity, dissolved oxygen, biological oxygesntand, ammonium, orthophosphates and nitrates) were
used. The pollution sensitivity is determined thglodhe species presence probability values F(haatbe
seven quality classes gradient as follows:

N _ YR AxPx(D)Vx
(i) = R AxVx

Where Ax is the abundance (%) of taxon x{iPis the presence probability of taxon x for tieality
class i; Vx is the value of the ecological amplau@r degree of stenoecy) of taxon x; N is the nemdf
taxa which abundance7.5%. The seven values of F (i) are calculated,mputed to obtain B: the final
BDI score:

B = Ir F(1) + 2x F(2)+3F(3)+4F(4)+5F(5)+6F(6)+ 7*F(7).

The calculated scores range from 1 to 20,veat@r courses are assigned to one of five qudktyses:
very bad if 1< BDI <5, bad if 5 < BDK 9, medium if 9 < BDK 13, good if 13 < BDkK 17, and very good
if 17 < BDI < 20 [26].

Statistical analyses

ANOVA test was predicted to demonstrate the vametiin the environmental analyses and diatom
indices. A statistical correlation was achievedwaen the environmental analyses & diatom indices an
among the indices themselves.

Results

Environmental analyses

The present study results of several chemical petens were illustrated below in tablel. The
statistical analysis of variance (ANOVA) showed nifigant spatial variations only for electrical
conductivity (p< 0.001) and. Also, it showed significant temporatiations among the study months for
nitrate (p< 0.001), nitrite (p< 0.001), total phosphate ( 0.05), orthophosphate (¥ 0.001), and
biological oxygen demand ¢0.001).
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Table 1: the descriptive results of environmental malyses for the present study.

Area results Qurnah Dayr Abu Al-Khaseeb
Factors
EC min-max 1.20-2.94 1.1-2.83 2.73-8.15
(ms/cm) | stdev 0.54 0.55 2.17
NO5 min-max 0.46-24.47 1.99-17.97 1.20-18.18
(nall) stdev 7.89 5.84 6.86
NO, min-max 1.52-52.49 0.09-19.74 0.54-50.35
(nall) stdev 16.29 7.36 16.26
PO min-max 0.01-0.10 0.02-0.15 0.01-0.19
(mg/l) stdev 0.03 0.04 0.05
TKN ™ | min-max 0.14-0.77 0.14-0.35 0.07-3.08
(mg/l) stdev 0.21 0.07 0.96
TP min-max 0.09-1.27 0.06-1.11 0.05-1.30
(mg/l) stdev 0.36 0.37 0.36
BODs min-max 2.9-5.2 3.4-4 2.2-35
(mg/l) stdev 1.06 0.32 0.50
COD min-max 140-320 320-400 11-552
(mg/l) stdev 127.28 56.57 208.39
Ch.a min-max 0-10.21 0-39.5: 0-57.7¢
(gl stdev 4.02 11.16 14.61

* TKN: Total Kjeldah nitrogen.

Diatom identification and indices

A total of 74 species, belonging to 25 geneeae registered attached to fish cages locat€glatah,
Dayr and Abu Al-Khaseeb and the number of specigistwintegrated in diatom indices was 44, 8, 33 and
62 species for PTI, DAb, S and IBD respectively (table 2). In Qurnah, tercentage of species
abundance integrated in diatom indices were betWge$9-100%), (30.76-86.62%), (49.23-99.90%) and
(94.61 % - 100 %) for PTI, DAb, S and IBD respectively. In Dayr, the percentafyspecies abundance
were between (88.88-90.14%), (28.97-44.98%), (58(828%) and (93.65 % - 99.24 %) for PTI, R4
S and IBD respectively and in Abu Al-Khaseeb, teecpntage of species abundance were between (25.58-
89.50%), (11.04-40.93%), (23.25-44.71%) and (37980- 96.83 %) for PTI, DAl,, S and IBD
respectively. Their abundance were used to estirfater diatom indices (table 3) in order to assbss

potential status of trophic & organic pollution fsabity) for the studied sited.

Anova test of variance showed temporally atéoihs in values of diatom indices only. All of slee
indices showed high significantly correlation (0<91) with each others as follows: PTI and DAlpa=(r
0.719); PTI and IBD (r = 0.893); PTI and SI (0.604); DAIpo and IBD (r = 0.784); DAIpo and S (r = 0.563);

IBD and S (r = 0.659).
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Also, they significantly correlated with sormevironmental parameters. PTI correlated with o@D
(r =-0.436, p < 0.01) and chlorophyll a (r = 0.375, p < 0.05); DAIpo correlated with BOD(r = - 0.408, p
<0.01), COD (r=-0.327, p < 0.05) and chloroplayi{r = 0.435, p < 0.01). IBD correlated with b&@®D
(r = - 0.327, p < 0.05) and chlorophyll a (r = Q4% < 0.01). S correlated with chlorophyll a ofity=
0.721,p < 0.001).

Table 2: List of diatom species identified in thetsidied areas during the study period.

Occurrence during the studied months Diatom indices

Taxa Qurnah Dayr Abu Al- PTI | DAlpo | S| IBD
Khaseeb

Achnanthes brevipes var. intermeia + + +

Achnanthes hungarica + + T =+

Achnanthes kuwaitensis +

Achnanthidium minutisssmum + + + + +

Achnanthes microcephala

Amphipleura pellucida + +

Amphiprora alata +

+| 4+ +| +| +

Amphora copulata + +

Amphora exigua

Amphora ovalis

=+

Amphora veneta

Bacillaria paradoxa

Cocconeis pediculus +

Cocconeis placentula var euglypta

Cocconeis placentula var lineata +

Cymatopleura solea

+
+| | | +] +

Cymbella aspera

+| +| | | | | ] |+

Cymbella cistula

Cymbella gracilis

Cymbella minuta +

o I S I I I R I o o I

Cymbella tumida

+
+| +| +| +| +

Diatoma hiemale var.mesodon

+

Diploneis dliptica +

e o o B R I I IS (RS IS o B S I

Diploneisovalis +

Encyonema pusilla

Eunotia formica + + +

Eunotiaincise

Eunotia rhomboidea

Fragilaria brevistriata + +

+| +| +| +| +

Fragilaria capucina + +
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Fragilariaintermedia

Gomphonema clavatum

Gomphonema constrictum

Gomphonema intricatum var.pumila

Gomphonema lanceolatum

+
+| +| +| +| +

Gomphonema minutum

Gomphonema montanum

Gomphonema olivacium

Gomphonema parvalum

Gyrosigma spencerii

Mastogloia smithii

Meridion circulare

Navicula bacilloides

Navicula cincta

+| | | | | | |+

+| +| +| +| +] +

Navicula confervacea

Navicula cryptocephala

Navicula digitoradiata

Navicula halophila

Navicula margalithi

+| +| +| +| +| +

+| +| +| +| +| +

Navicula pupula var.rectangularis

Navicularadiosa var. tenella

Navicula rhynchocephala

Navicula shoeteri

Naviculaviridula var . Rostellate

Nitzschia amphibia

Nitzschia dissipata

Nitzschia filiformis

+| | | | |+ +

Nitzschia gracilis

+| 4+ +| +| +

Nitzschia granulata

+| +| +| +| +| +

Nitzschia hungarica

Nitzschia intermidia

Nitzschia obtusa

Nitzschia palea

Nitzschia sigma

Nitzschia sigmoidea

Pleurosira lavels

Rhoicosphenia curvata

Surirella ovata

+| +| +| +| +| +

Synedra acus

+| | | | | | ] |+

Synedra Fasciculata

+| | | | | | | ] ] ]+

Synedra filiformis var gracilis
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Synedra ulna

Tabellaria tabulata

Tryblionella debilis

+

Total number of species 74

Total number

44 33 8| 62

Number of genera 25
Table 3: the description of ecological status of thstudied sites based on trophic and saprobity
indices.
Station Sampling date Diatom index values Ecologitatatus
Qurnah February/2013 PTI 2.98 a-p meso saprobic (lI-111)
DAlpo values 83.58 Good
IBD 14.3 Good
S 2.31 B-saprobic (I1)
Qurnah April/2013 PTI 2.86 a-p meso saprobic (lI-111)
DAIlpo values 74.23 good
IBD 9.9 medium
S 2.28 B-saprobic (1)
Qurnah May/2013 PTI 2.89 a-p meso saprobic (lI-111)
DAIlpo values 67.66 good
IBD 13.2 good
S 2.56 a-mesosaprobic (111)
Dayr February/2013 PTI 2.78 a-p meso saprobic (lI-111)
DAlpo values 83.65 good
IBD 9.3 medium
S 2.52 a-mesosaprobic (111)
Dayr March/2013 PTI 3.25 a-mesosaprobic (1)
DAIlpo values 63.49 good
IBD 11 medium
S 2.47 B-saprobic (1)
Dayr April/l2013 PTI 2.66 a-p meso saprobic (lI-111)
DAIlpo values 78.22 good
IBD 10.2 medium
S 2.44 B-saprobic (II)
Abu Al-Khaseeb February/2013 PTI 2.35 a-mesosaprobic (111)
DAlpo values 71.51 good
IBD 7.5 bad
S 2.3 B-saprobic (II)
Abu Al-Khaseeb April/2013 PTI 2.32 a-mesosaprobic (1)
DAIlpo values 72.39 good
IBD 10.13 medium
S 2.50 B-saprobic (1)
Abu Al-Khaseeb May/2013 PTI 2.36 a-mesosaprobic (111)
DAIlpo values 60.70 good
IBD 6.4 bad
S 2.53 a-mesosaprobic (1)
Abu Al-Khaseeb June/2013 PTI 2.03 a-mesosaprobic (111)
DAlpo values 68.53 good
IBD 9.5 medium
S 2.78 a-mesosaprobic (111)

(e~ meso saprobic: Alpha-Beta meso saprobic, #-saprobic: Beta-saprobic, a-mesosaprobic: Alpha-

mesosaprobic).
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Discussion

Electrical conductivity is a useful indicaof both mineralization and salinity or totaltda a water
sample [26], [27]. According to Ayers and Westc@8]| its values were slightly saline water at both
Qurnah and Dayr (0.7-3 ms/cm) . While its valuesyea from slightly saline water to highly salinescat
Abu Al-Khaseeb & 6 ms/cm ané 14 ms/cm).

The problem associated with high nutrieahaentration and algal biomass is commonly called
eutrophication from the Greek wordvtpagnc” meaning well fed, underlying the excessive algiawth.
If waters are nutrient poor with low productivityeacharacterized as “oligotrophic” whereas, nutriéch
waters with high algal biomass are characterizettasophic”. The intermediate conditions charaaer
“mesotrophy” [8]. According to the criteria of Dd®et al.[29] for river trophic state, the trophic status of
the studied sites based on total nitrogen (< 700 lugjigotrophy, 700 — 1500 ug / | mesotrophy ard
1500 ug / | eutrophy) were oligotrohy to mesotnpahh Qurnah, oligotrophy at Dayr, and oligotrophy to
eutrophy at Abu Al-Khaseeb. And based on total phose values (< 25 pg /| oligotrophy, 25 — 27 |lg /
mesotrophy and > 75 pg / | eutrophy), the trophatus was eutrophy at Qurnah, and mesotrophy to
eutrophy at both Dayr and Abu Al-Khaseeb. While tifophic status based on chlorophyll a values (< 10
pg / | oligotrophy, 10 — 30 ug / | mesotrophy an@0>j1g / | eutrophy) was oligotrophy to mesotroply
Qurnah and it was oligotrophy to eutrophy at bottyiDand Abu Al-Khaseeb.

Both the BOPand COD tests are a measure of the relative oxglgetetion effect of an organic
contaminant. Both have been widely adopted as auneaf pollution effect. The BOD test measures the
oxygen demand of biodegradable pollutants whereasQOD test measures the oxygen demand of
oxidizable pollutants [13]. According to Klein [30)ater of the studied sites based on B®&lues (1 mg
/1 =very clean, 2 mg /| = clean, 3 mg / | = fgiclean, 5 mg / | = doubtful, and 10 mg / | = badas
classified as clean to doubtful@tirnah, fairly clean at Dayr, and clean to failgan at Abu Al-Khaseeb.
While water of all the studied sites based on C@Ibes was classified as bad (> 7 mg /).

Water quality exert a selective actionttom flora and fauna which constitute the livingoplation of
water and the effects produced in them can be astblish biological indices of water quality [3A]
diatoms can generally be classified into at leasee categories according to their tolerance tosvard
increasing pollution: (1) most tolerant diatom likenphora veneta, Nitzschia palea and Gomponema
parvulum, and Synedra ulna (2) less tolerance onces as representedNitzschia amphibia, Nitzschia
filiformis, Nitzschia hungarica, Surirella ovate, Achnanthes hungarica, Cymatopleura solea, Navicula
cincta, Navicula pupula, Nitzschia sigma, and Synedra acus (3) relatively sensitive ones represented by
Achnanthidium minutissimum, Amphora ovalis, Cocconeis pediculus, Cocconeis placentula, Gomphonema
olivacium , Nitzschia dissipata, Rhoicosphenia curvata, Amphipleura pellucida, Cymbella cistula,
Cymbella tumida, Fragilaria capusina, Gomphonema constrictum, Navicula rhynchocephala and Nitzschia
sigmoidea [20].

So, Indices are the result of attempts t@iiles changes in water quality. However, due tfediénces
in species distribution, not a single one can l@ieg universally [31]. As shown in table 3, diatémadices
values except DAb ones showed that the studied sites were neittrgrokean nor severe polluted during
the study period. PTI values indicated ecologitaius ranged from beta-mesosaprobic conditionpgbaal
mesosaprobic one for the studied sit@Alpo values indicated good conditions for all sitéBD values
indicated ecological status ranged from good to dzaatition. S values indicated ecological statuwyea
from beta-mesosaprobic condition to alpha-mesosépane.
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In spite of being inorganic nitrogen and gbtwore the main nutrients for algae but the presentlts
for all diatom indices, based on statistical analyshowed the responding of diatoms to organitutaits
only. These results coincided with Palmer [32]hattorganic pollution tends to influence the alfjata
more than other factors in the aquatic environnseich as light, pH, temperature and often othersyye
pollutants In addition to that high organic pollution is alveayaccompanied by elevated nutrient
concentrations because of decomposition proceBseshis reason, species living in highly organitevs
are often also indicators of high nutrient loadiag,a multitude of factors determine the optimaldittons
for a taxon [33]. The statistical results of diatamdices except saprobic index ones showed sigmifig
negative but weakly correlation with B@QRand/or COD because biological indicators showctimulative
effects of present and past conditions, whereasiita and physical measures apply only to the masnen
of sampling [34].

Also, algae biomass expressed as chlorophydhowed significantly positive correlation with a
diatom indices reflected changes in water qualityother words, the ecological status of the stidi¢es
in terms of PTI, IBD and DAltend to be less polluted when high chlorophyllredté increase. While in
terms of S, it tend to be more polluted when higlowphyll a tend to increase. Palmer [35] stateat t
rivers which have been polluted with organic conmmusui gradually become richer in algal nutrients,
especially nitrates and phosphates, which incotpdranto the cells of algae during self-purificatio
process. During this process the ecological stahderwent with several of decomposition stages. The
stage of active decomposition calledmesosaprobic status, where bacteria and orgaleatd algae
begin to flourish while the stage of recovery cdlfesaprobic status, where algae are abundant while
bacteria are decreased in number [36].

In conclusion, our results showed that RAlvas unsuitable as an index of trophic and sapraétus
because its calculation comprised few number dfodiataxa that represent trace percentage of tla¢ tot
abundance of diatom. Both PTI and IBD indices iathd to the presence of eutrophication phenomenon
resulting from self-purification process. AccordittgHassan [37], the process of self-purificaticaswery
low at all parts of Shatt Al-Arab River in partiaulin the downstream. While Saprobic index gives an
obvious picture of the organic & trophic status tloe studied sites and its results coincided Bitde cek
[38] who stated that Saprobic index is a lineairgxt measure of BOD Similar results were obtained by
Barinovaet al [39] who used algae indices to monitor pollutiewvdl of Jordan River and he found that
saprobic index was positively correlated with theursdance ofE.coli alone which survives in the
organically polluted water. And the present resatihcided with the conclusions ofokter & Hibener
[33], who suggested that the best method for mdngdreshwater by diatoms is the combined apphcat
of saprobity and trophic indices. In our counttyere is few studies concerning the biological iediof
trophic and organic pollution for rivers [40], [4Me hope that more studies will be done so assess
the trophy and saprobity status for our rivers
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