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Abstract :  

The current study aims to study the environment and the presence of Epiphytic diatoms 

communities to the plants Ceratophllumdemersum and Phragmetsaustrales and the extent to which 

they are affected by the water environment of the Euphrates River from physical, chemical and 

biological factors, and to employ the quantitative and qualitative of epiphytic diatoms  to  the plants 

under current study in estimating the quality of the water of the Euphrates River. Fore biological 

indices and NSF-Water Quality Index were used hn this study for the  period from November 2019  

to July 2020. The results revealed that the water quality of the Euphrates River were moderately to 

high   polluted ,  mesotrophic and high diversity epiphytic diatoms . 
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Introduction:  

     Diatoms are considered as important components in the algae community in most aquatic 

ecosystems , especially in a lotic systems  , in addition to their role in aquatic food chains [ 1 ] as 

primary products , and a refuge for many invertebrate and fish [ 2 ] .  

  Epiphytic microalgae have a big role in implication for the lotic ecosystem Processes such as 

environmental balance , water quality [ 1 ] .  Diatoms were considered as an important part of biota 

in a lotic ecosystem [ 3 , 4 ]. Many diatoms are important in the study of water quality assessment 

and monitoring du to its fast response to the environmental changes in different aquatic systems [ 5 

] . 

    Classic physical and chemical monitoring reflects instantaneous measurement while biotic 

parameters provide better evaluation of environmental changes . Because community development 

integrate a period of time reflecting conditions that might not be any longer present at the time of 

sampling and analysis  [ 6 ]  diatoms are preferred than other algae [ 7 ]   . Epiphytic algae attach to 

macrophytes vegetative boody , mobility is restricted and the ability to capture nutrients from the 

water column is limited macrophytes my provide epiphytes  with dual the benefits of substrate and a 

nutrient source [ 8 ]   , but increased epiphytic algae may reduce the diffusion of nutrients from 

water column to aquatic macrophyte leading to reduced plant biomass all growth [ 9 ] .  

A few studies were conducted on the upper part of Euphrates River . This part is the main source of 

drinking water and other agricultural and industrial activities of many towns along the River . Most 

the  studies to study the phytoplankton and physic-chemical properties of the River basin as in 

Haditha Lake [ 10 ] , Al-Habbaniyah Lake [ 11, 12] , and in the River [ 13 , 14 ]  . Some studies 

examined the use of  planktonic diatoms to assess water quality in Al-Habbaniyah Lake [ 15 ]  and 

in the River between Ramadi and Fallujah [ 16 ] .  The aim of this study was undertaken to 

determine the species of epiphytic diatoms on tow macrophytes plants Phragmitsausrtalis  and 

Ceratophyllumdemersium and to test the utility and suitability of some biological indices as 

indicators of water quality of Euphrates River between Haditha and Al-Baghdadi western of Iraq  .  
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Material and Methods :  

     The Upper part of  Euphrates River between Haditha and Al-Baghdadi western of Iraq  was 

selected for application indices ( Figure  1 )  . Monthly sampling was taken from six sites along 

Euphrates River during the period from November 2019 to September 2020 and the results 

presented seasonally ( Fig. 1  , Table  2   )  .  All physic-chemical parameters were determined 

follow APHA [ 17 ] , nitrate and phosphate [ 18 ] .  

 

Figure 1. Map of the Euphrates River between Haditha and Al-Baghdadi and the location sampling 

sites . 

Table. 1  The geographical positions ( GPS ) of the sampling sites .  

Sites     Location       Longitudes  ( eastward )                             Latitudes ( northwards ) 

I         Haditha Dam    42ᵒ  21'  43''                                                   34ᵒ  12'  10'' 

II        Haditha     42ᵒ  23'  20''                                                   34ᵒ  07'  39' 

III        Haklaniah            42ᵒ  22'  43'                                                     34ᵒ  05'  13'' 

IV         Aaloos            42ᵒ  24'  03''                                                 34ᵒ  01'  14'' 

V           JOOBA   42ᵒ  32'  03''                                                    33ᵒ  54'  33'' 

VI           Al-Baghdadi                 42ᵒ  31'  47''                                                    33ᵒ  52'  16'' 

 

Epiphytic diatoms analysis : The sample of the epiphytic diatoms on tow aquatic plants ( 

Ceratophyllumdemersum and Phragmtsaustralis ) . The epiphytic diatoms were determined on 
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C.demersumby shaking strongly with distilled water to remove the diatoms from the aquatic plants 

surface . The attached diatoms on P .australis was treated manually by toothbrush and shaking then 

preserved with Lugol's iodine solution [ 19 ]. The cleaning of diatoms frustules was done by 

concentrated sulfuric acid and potassium dichromate method of patric and Reimer [ 20 ] . The 

preparation for counting methods of diatoms were followed Furet and Benson – Evans and micro-

transect method used for counting [ 21 ] . Diatoms were identified according to the following 

references [ 22 , 23 . 24 ] .Four biological indices and NSF-water quqlity index were used  for this 

study of water quality . These indices have been calculated according to references marked in front 

of each index ( Table  2   )  

 

Table  2 : The biological indices and NSF-WQI used in this study .  

Pollutionindices                                                                                    References  

1-  Palmer pollution index  Bellinger and Sigee[ 25 ] 

2- Trophic diatom index    ( TDI )                                                       Kelly and Whitton  [ 26 ] 

3- Pollution tolerance idex ( PTI )                                                      Lang-Bertalot [ 27 ]  

4- Shannon diversity index  ( H )                                                          Bellinger and Sigee  [ 25 ] 

5- NSF-Water quality index                                                                 BASIN  [ 28  ]  

 

Results and Discussion :   

Physical and Chemical parameters analysis :  The measured physic-chemical parameters are 

show in Table 3 . The average  of  Air  temperatureranged 21.3  in Autumn 2019  and    51.5 Cᵒ  in 

Sumer 2020  . The lowest average  value of water  temperature was 21.3  in Autumn  2019  and  the 

highest value was 33.5 Cᵒ in summer  2020  ( Table 3 ) . This variation is known in lotic system 

relation between air and water temperature [ 29 ] . Temperature is very important to water quality , 

and effects the solubility of gases and salts in water and effected on behavior , physiological and 

distribution of aquatic organisms  [ 30 ]  . The highest average value 28.5 NTU of turbidity wae 

recorded in Autumn   2019 , wile the lowest value was  1.5 NTU in winter 2019 . The rates of 

turbidity did not exceed the limits permitted by the World Health Organization ( WHO ) [ 31 ]  and 

the Iraqi standards, where the highest average value  were recorded at 28.5 NTU  in the autumn 

2019  and the lowest  Average rates  value  1.5   NTU in  winter 2020  . You carry it from 

suspended materials as well as untreated sewage that is directly discharged into the river [ 16 ] .The 

values of total dissolved solid  recorded their highest average  values in winter 2019   was 754 mg 

lˉ¹and the lowest average value  were recorded at 471 mg lˉ¹ in summer 2020. Total dissolved solids  

are a measure of organic, inorganic and other dissolved materials in water [ 32 ]. pH of water 

samples were slightly alkaline , they ranged from 7.5to 7.7  , many studies in Iraqi inland water was 

recorded the buffer capacity of water such as [ 33 , 16 ]  . Water salinity ranged 0.4 to 2.4 g.lˉ
1
 , this 

results revealed that the river was alkaline and oligohaline according to the classification of Reid [ 

34 ] . The highest average value  of electrical conductivity  was recorded  1232 µ.s/cm   in Autumn 

2019 and lowest average  value 635 µ.s/cm   in Spring 2020 , this high values might be due to the 

gradual increase in the entry of domestic sewage detergents and waste to the river .  

     Total hardness recorded for Euphrates river ranges between 253 to 367 mg CaCO3 . l 
-1

, the 

highest values were recorded in the autumn 2020, due to the erosion of the limestone soil nature of 

the Iraqi lands[ 35 ]  Ca and Mg have vial importance in plants , which photosynthesis in the aquatic 

environment , Mg is in the structure of chlorophyll , the concentration of Mg has a great effect on 

algae growing in lake [ 36 ]  . All the concentration of calcium were higher than the magnesium  
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concentration among most of the study period at all sites , that̓ s probably due to high abilities of 

calcium ion to react with dioxide carbon more  than for magnesium [ 16 ] . Dissolved oxygen 

concentration recorded between 7.9 to 11.9 mg . l
-1 

while biochemical oxygen demand ( BOD 5 ) 

ranged from 3.8 to 8.3 mg . l 
-1

 ,  these values of BOD5 were high than permissible limit  (  5 mg . l 
-

1 
) proposed by  WHO [ 31 ]  .  

    Nitrogen and phosphate are tow major nutrients required for algae growth . During the study 

period , values of nitrate and phosphate elevated at all seasons , this interpreted by increased human 

activity in agriculture and sewages wastes discharching  into study sites . The results of the present 

study was nitrate concentration recorded   between  23.0 to 115.3 mg . l 
-1 

 and phosphate 

concentration between   0.129  to 0.198 mg . l 
-1 

 

Table3  . Means of Physico - chemical  factors in Euphrates River during study period . 

Parameters                      Autumn  2019                Winter 2020             Spring 2020            

Summer 2020 

Air Temperature ( C° )                            21.3                                  16.5                          28.3                         

51.5 

Water Temperature ( C° )                      21.3                                 15.2                           22.0                          

33.5 

Turbidity ( NTU )                                   28.5                              1.5                              3.3                            

2.3        

T.D.S ( mg l
-1

 )                                            754                                   484          617  

471 

pH         7.7                                   7.7                           7.6                           7.5       

Total Alkalinity ( mg CaCO3 l
-1

 )       133.6                                163.2                        142.6                        

140.2 

E.C ( µs cm
-1 

)       1232                                 692                             635                         657 

Salinity ( ‰)       0.5                                     0.8                               0.4                           2.4 

Total Hardness  ( mg CaCO3 l
-1

 )    367    260                             280                         253 

Calcium ( mg l
-1 

)     69.0                                  57.6                             57.3                       61.6          

Magnesium ( mg l
-1 

)     31.3                                  28.6                              32.6         23.8 

Dissolved Oxygen ( mg l
-1 

)        7.9                                    11.9                               8.3                         

8.3                 

DO  %      109                                    118                                117                          163              

BOD   ( mg l
-1 

)      3.9                                      3.8      4.1                           8.3 

Nitrate  ( mg l
-1 

)      83.3                                    14.2                           115.3                     23.0 

Phosphate ( mg l
-1 

)      0.198                                  0.177                          0.129                      0.154 

   A total of 177 taxon of diatoms was identification on  C. demersumwhich these taxa belonged to 
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28 genera . The centric diatoms were represented about 7.14 % of the total identification diatoms by 

2 species  belonged to 6 genera . While pennate diatoms was 96.61 %  by  171  species belonged  to  

26 genera  .  

 Palmer index values for epiphytic diatoms on P. australis ranged from 15.00 in autumn 2020 to 

19.50 in summer 2020  , but in C . demersumfrom  17.17  in Autumn 2020  to  22.17 in spring 2020 

(  fig .  2 . A and B ) . The results of the statistical analysis showed significant differences  between 

seasons and  sites ( p ≤ 0.05 )  .  The values of the palmer index more than 15 were considered as 

drift in mesotrophic  to Eutrophic status  [ 37 ] .  The results of the palmer index according to 

epiphytic diatoms to  C . demersummore than values to  P. australis.  Eleven genera were identified  

from a total of twenty genera  that were used to extract Palmer's index values in the current study: 

AulacosiraCyclotella, Euglena,GomphonemaNavicula,NitzschiaOscillatoria, Pandorina,  

Phormidium,  Synedra,  Stigeocolonium[ 37 ]   . The results of Palmer's index  according to the 

epiphytic  algae  to theC . demersumplant showed higher values than the values extracted according 

to the epiphytic  ditoms to the P. australisplant , and  showed that the Euphrates river of study sites 

is consistent with the organic pollution manual , which shows that the water ranges from moderate 

to high pollution ( Table 4 ) .  

 Pollution tolerance index ( PTI ) determine the pollution by using diatoms to assess the health of 

aquatic ecosystems such as rivers [ 38 ] . this index values ranged from 2.563  in spring 2020    to 

2.843   in autumn 2019  according to the  epiphytic diatoms  results  to P. australis but  values 

ranged  2.527   in summer 2020   to  2.861 in autumn 2019 according to the epiphytic diatoms in  C 

. demersum   ( fig.2  C and D  ) , The results of the statistical analysis did not show a significant 

difference between the seasons well as between the sites .    These  results indicated that the 

Euphrates   river was moderately polluted water according to classification of water pollution by  

Lange-Bertalot [ 27 ] ( Table . 4 ) ,this classification revealed that values of  PTI were ranged from 

1 to 4  ,  the  1  indicate most  polluted water while  the  3 , 2  numbers indicated  moderately 

polluted water and  1 number indicated least polluted water . The dominants of some diatoms to 

indicated moderately polluted water , which is  Cocconeisplacentula and  Cyclotellameneghiniana[ 

39 ].  The results of the  PTI   extracted according to   epiphytic diatoms  to the host plants (C . 

demersum   and  P. australis) were converged in the current study. 
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Figure  2 : seasonal variation in studied indices on tow Macrophytes plants  ( A and B )  

Palmer̓ s index  , ( C and D )   Pollution tolerance  index in Euphrates River during the 

study period .  

 Trophic Diatomic index ( TDI ) is a good tool for monitoring river , diatoms community are liable 

to alter of factors that not related to nutrients  [ 26 ] . The present study results of TDI  mean 

values  ranged from 63.23 in Autumn 2019 to 68.11 in spring 2020 according to the epiphytic 

diatoms in P . australis, but values ranged  66.43 in winter 2020  to 71.35 in summer 2020 

according to the epiphytic diatoms in  C . demersum( fig. 3  A and B ) . The results of the 

statistical analysis  show a significant difference between the seasons well as between the sites( P 

≤0.05 ) . According to this index the Euphrates River was tended to be mesotrophic to eutrophic  , 

this might be confirmed by existence of Cocconeispediculusat most study sites, this species found 

in mesotrophic  River [ 40 ].  

In the present study the  Shannon – Weaver index ( H ) recorded  average  values above 3 in the 

study period  .  The  H  average  ranged values  from 3.391 in autumn  2020 to 3.999 in summer 

2020 according to epiphytic diatoms in P . australis  but  the  H values  according to  the epiphytic 

diatoms in C . demersumexceeded  4  where its  average values ranged 3.816  in autumn 2020  to 

4.486 in summer 2020 ( fig . 3 c and D )   . The results of the statistical analysis show a significant 

difference between the seasons well as between the sites  . These findings confirmed the   H  index 

results which emphasize that the Euphrates River has high biodiversity ( epiphytic diatoms )( 

Table . 4 )  and also meant that no dominancy for certain species of epiphytic diatoms in the study 

river . There was a similar species composition al all studied sites with some differences due to the 

nature of each site and type of macrophyteson which  epiphytic diatoms  grow  such as P . 

australis  and  C . demersum  . These macrophytes lead to suitable condition of algal growth [ 41 , 

42 ] . This high values of   H  index were indicative of good water quality of Euphrates River [ 43 

, 44 , 16 ] .The results of the H extracted according to epiphytic diatoms to the host plants ( P . 

australis  and  C . demersum)  in the current study were converged. 

  The mean values of National Sanitation Foundation – Water quality Index ( NSF- WQI ) ranged 

from  51.83 in summer 2020  to 62.12 in winter 2020  ( fig .3  E )  . These results showed that the 
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studied river was Unsuitable  to  Mediumwater quality ( Table . 4 )  . The results of the statistical 

analysis show a significant difference between the seasons  (   P ≤ 0.05 )  However , no significant 

differences were found between the sites . These values of NSF – WQI  were identical to the 

values of most physical and chemical parameters at low values of the BOD , T. Alkalinity , TDS , 

EC , Salinity ,  N  ,  P   and high concentration of dissolved oxygen  [ 45 ] .        

 

 

 

 

 

Figure  3 : seasonal variation in studied indices on tow Macrophytes plants  ( A and B )  

Trophic diatomic index   , ( C and D )   Shannon diversity index and NSF – Water 
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quality index (  E  )   in Euphrates River during the study period .  

 

Table  4. Classification of water quality according to means  diatomic indices values in studied 

sites  . 

Pollution  

indices 

Phragmitsaustralis Ceratophyllumdemersium Water 

quality 

reference 

Palmer̓s Index  16.95 20.00 Moderate – 

High 

pollution  

Palmer ( 1969 ) 

[ 37] 

Pollution 

Tolerance 

Index ( PTI )  

2.70 2.65 Moderate Lang-Bertalot ( 

1979 ) [ 27 ] 

Trophic 

Diatomic 

Index ( TDI ) 

65.73 69.13 Mesotrophic 

-Eutrophic  

Van Dam et al.  

( 1994 ) [ 46 ] 

Shannon 

Diversity 

Index ( H )  

3.66 4.14 High 

Biodiversity 

Shannon-

weaver ( 1949 )[ 

47 ] 

NSF-Water 

quality Index  

56.48 Unsuitable - 

Medium 

Basin ( 2002 ) [ 

28 ] 

 

There were no clear differences in the values of all sites for the biological indices both Palmer̓s 

Index , Pollution Tolerance Index  , Trophic Diatomic Index  , Shannon – Weaver Diversity Index 

and NSF-Water quality Index for estimating the water quality of the Euphrates River in the current 

study, which was conducted through the quantity and quality of the epiphytic diatoms  to both 

aquatic plants ( Macrophytes ) , both  P . australis  and  C . demersum(Figure 4) .  

 

 

Figure 4 .    The Water quality change of epiphytic diatoms on Macrophytes  plants  

0

20

40

60

80

I II III IV V VI

Phragmits australis

PTI

H

Palmer

TDI

WQI

0

20

40

60

80

I II III IV V VI

Ceratophyllum demersum

PTI

H

Palmer

TDI



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 3, 2021, Pages. 2022 - 2032 

Received 16 February 2021; Accepted 08 March 2021.  

2030 
 

http://annalsofrscb.ro 

accordingto  sites . 

Conclusion :  

     It can be concluded that most of the studied indices the status of the water quality of Euphrates 

River which was moderately to  high  polluted , mesotrophic and high diversity of  epiphytic 

diatoms  due to discharge of organic and other pollutant being dumped into the river during river 

passing in the major cities and small villages located on the river basin .All the results of the 

biological indicators of the quality of the water of the Euphrates River extracted according to the  

Epiphytic algae attached to the host plants  were converged, except for the values of the Palmer's 

index on theC . demersumplant, which was higher than the values recorded on the P . australisplant. 

References :  

1- Bere T.  and Tundisi J.G. ( 2010 )Biological monitoring of lotic ecosystems : the role 

diatoms . Brazilian Jornal of Biology 70 ( 3 ) : 493- 502 .  

2- Furey P.C. , Low C.L. and Power M.E. ( 2012 ) Midges , Cladophora , and epiphytes : 

shifting interactions through succession . Freshwater Science 31 ( 1 ) : 93- 107 .  

3- Azim M.E. , VerdegemM.C.J.,Van Dam A.A. and Bederidge M.G.M.( eds.) ( 2005 ) . 

Periphyton Ecology . Exploitation . Cambridge : CABI Publishing . pp319 .  

4- Taylor J.C. , prygiel J. VosiooA.,Pieter A. Rey D. and Ransburg L.V. 2007. An diatoms 

based pollution indices be used for biomonitoring in South Africa A case atudy of the 

Crocodile West and Marico water management area . Hydrobiologia 592(1 ) : 455-464.  

5- Zalak J., SumuckerN.,and Vis M. ( 2010 ) . development of a diatom index of biotic 

integrity for acid mine drainage impacted stream. Ecological indicators 10:287-295.  

6- SalomoniS.E.,Rocha O. , Callegoro V.L., Lobo E.A. ( 2006 ) . Epiphytic diatoms as 

Indicators of water quality in the Gravatai river , RioGrande do sul , Hydrobiol. 559: 233-

246. 

7- Kalyoncu,H. , Cicek N.L. , Akozz C. and Yorulmaz B.( 2009 ) . Comparative performance 

of diatoms indices in aquatic pollution assessment . Africa Journal of Agricultural research . 

4( 10 ) : 1032-1040.  

8- Rogers  K.H. and Breen C.M.  ( 1981 ) . effects of epiphyton on potamogetoncrispusL. 

leaves , Microbiology Ecology , 9 : 351-363 . 

9- Al-Saboonchi A.A. and Al-Manshad H.N. ( 2012 ) . Study of Epiphytic Algae on 

CeratophyllumdemersumL. from Tow Stations at Shatt Al-Arab River . Journal of Thi-Qar 

Science , 3( 2) : 57-63 . 

10- Al-Lami AA, Al-Saadi HA, Kassim TI, AlDulymi AA & Al-Aubaidi KH(1997) Seasonal 

variation of the limnological characters in Qadisia lake, Iraq. Mu, tah J. for Research and 

Studies, 12(1): 383-414. 

11- Al-Lami A.A., Kassim TI, Muften FS&AlDulymi AA (1998) An ecological study 

onHabbaniya reservoir .J. Coll. Educ. for Women, Univ. Baghdad, 9(2): 209-216. 

12- Kassim T.I., Al-Saadi H.A., Salman SK& Farhan RK(2001) Species composition and 

seasonal variation of phytoplankton in Habbaniyalake,Iraq.IraqiJ.of Biology. 1(1), 23-34 

13- Welcox I.N. , Mutlak S.M. and Hamidi Y.A. ( 1976 ) . Environmental pollution its effect 

and Hazard , Environmental pollution Research Center, Baghdad , Iraq . 

14- Salah E.A.M. , Al-Hiti I.K. and Alessawi K.A. ( 2015 ) . Assessment of Heavy pollution in 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 3, 2021, Pages. 2022 - 2032 

Received 16 February 2021; Accepted 08 March 2021.  

2031 
 

http://annalsofrscb.ro 

Euphrates River water , Amiriyah Fallujah , Iraq . Journal of Environment and Earh Science 

. 5 ( 15 ) : 59- 70 .  

15- Ai-Tamimi A.A.M. and Al-Mersomy S.M.S.( 2018 ) Using diatoms as biological indicators 

to determine water quality of Al-Habbaniyah Lake – Iraq .Association of genetic and 

environmental resources conservation ( AGERC ) . Proceeding of the 5
th 

international 

conference of genetic and environment , Baghdad , Iraq . 159-169 . 

16- Al-Tamim A.A.M. and Braak M.M. ( 2019 ) . Water quality ,diatoms , Pollution and 

Shannon Diversity Indices for the Euphrates River .Online Journal of Veterinary Research . 

23 ( 2 ) : 161-169. 

17- APHA( American Public Health Association ) . ( 2005 ) Standard Method for the 

Examination of Water and Wastewater " 21 
st
ed . American Water Work Association and 

Environment Federation , USA . 

18- Strickland J.D.H. and Parsons T.R. ( 1972 ) .A Practical handbook of sea water analysis 

.Bull. Fish . Res . Board of Canada . 

19- Zimba PV and Hopson MS ( 1997 ) . Quantification of epiphyte removal efficiency from 

submersed aquatic plant. Aquatic Botany .58: 173-179 .  

20- APHA( American Public Health Association ) . ( 2003 ) Standard Method for the 

Examination of Water and Wastewater " 20 
st
ed . American Water Work Association and 

Environment Federation , USA . 

21- Hotzel G and croome R ( 1999 ) .A phytoplankton methods manual for Australian 

freshwaters . LWRRDC Occasional Paper 22/99. Pp58 . 

22- German  H ( 1981 ) > Flora des diatoms , Diatomophyceae eau douces et douce et saumatres 

du Massif Armoricion et des contreesvoisinesdeuropeoccindemal , sciete Nouvelle des 

EditinBoubee Paris . 

23- Patrick R and Reimer CW . ( 1975 ) . The diatoms of the united states Philadephia , 

Monograph 13.  

24- Burliga AL and Patrick J .( 2016 ) . Diatoms ( Bacillariophyta ) in River . In: Necchi Jr., O. ( 

ed.) : River algae . Spriger International Puplishing . Switzerland . pp: 93-127 . 

25- Bellinger EG and Sigee DC ( 2010 ) . Freshwater algae Identification and use as 

biomindicators . Chichester , West Sussex , UK : Wiley – Blackwell , 284 pp.  

26- Kelly MG and Whitton BA . ( 1995 ) . The trophic diatoms index : A new index for 

monitoring eutrophication in river , journal pf Applied Phycology . 7: 433- 444 .  

27- Lang-Bertalot H. ( 1979 ) . Pollution tolerance of diatoms as Criterion for water quality 

estimation : Nova Hedwigin , 64 : 285- 304 .  

28- Basin ( 2002 ) . National Sanitation Foundation Water Quality Index . Boulder Area 

Sustainability Information Network ( BASIN )  

htt://bcn.boulder.co.us/basin/watershed/wqi_nsf.html(downloaded 14.11.2004). 

29- Wetzel RG .( 2001 ) . Limnology : Lake and river ecosystems . Academic press , SA 

Diego,CA. pp 1006 . 

30- Hoosier HR .( 2000). Volunteer Stream Monitoring Training Manual . Indiana̓ s Volunteer 

Stream Monitoring Program. National Resources Education Center . Indianapolis. 

31- World Health Organization ( 1996 ) . Guideline for drinking water quality , 2
nd 

ed,2: 940-

951 .  

32- Al-Kenzawi  MAH , Al-Haidary  MJS ,Mushtak AHT  ,  . Karom MF  . (2011 ) 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 3, 2021, Pages. 2022 - 2032 

Received 16 February 2021; Accepted 08 March 2021.  

2032 
 

http://annalsofrscb.ro 

Environmental Study of Some Water Characteristics at UmAl-Naaj Marsh, South of Iraq. 

Baghdad Science Journal.8(1)1111. 

33- Ali SF ,Hassan FM and Abdul-Jabar RA .( 2017 ) . Water quality assessment by diatoms in 

Tigris River /Iraq . International journal of environment and water . 6 ( 2 ) : 53-64 . 

34- Reid GK ( 1961 ) . Ecology of Inland waters andEusteries. Van Nostrand Rein hold 

Publishing . Co New York , pp. 375 .  

35- Maulood BK and Hinton GCF . ( 1978 ) . An ecological study on serchinar water chemical 

and physical aspects .Zanco,Series A., 4( 3 ) : 93-117 .  

36- Atici T and Ahiska S.( 2005 ) . Pollution and algae of Ankara stream Gazi University Fen 

Bilimleridergisi, 18 : 51-59 . 

37- Palmer CM. ( 1969 ) . A composite rating of algae tolerance organic pollution .Journal of 

Phycology , 5 : 78-82 . 

38- Barbour MT , Gerritsen J. , Snydfr BD  and Stribling JB . ( 1999 ) . Rapid Bioassessment 

Protocols for Use in Streama and Wadeable Rivers : Periphyton , Benthic 

Macroinvertebrates and Fish , 2
nd 

Edition U.S. Environmental Protection Agency : Office of 

Water : Washington , DC 125 pp.  

39- Wang X ,Zheng B, Liu L. and Li L. ( 1014 ) > Use diatoms in River health assessment  . 

Annual Research and Review in Biology 4 ( 24 ) : 4054-4074 .  

40- Rimet F. ( 2012 ) .Diatom an ecoregional indicator of nutrients , organicmatter . and 

micropollutants pollution . THESE Oourobtenirie grade de DOCTEUR DE L ̓UNIVERSITE 

DE GRENOBLE Specialite : Biodiversity ecologie , environment . France . 203 pp.  

41- Lowe RL and Pan Y.( 1996) Benthic Algal Communities As Biological Monitors .In ; Algal 

Ecology . Fresh Water Benthic Ecosystem ( Edster by Stevenson ,RJ : Bothwell , ML and 

Lowe RL ) Academic Press , Sam Diego , 753 pp .  

42- Polat S, SarihanE.andKoray T.( 2000 ) . Seasonal cganges in the phytoplankton of the 

Northeastern Mediterranean ( bay of Iskendtun ) . Turk . journal Botany 24 ; 1-12 . 

43- Wu  ,Schmaiz B. and Fohrer N. ( 2014 ) . Study Progress in riverine phytoplankton and its 

use as bioindicators – a review . Austin Journal Hydrobiology . 1 ( 1 ) : 1-9 . 

44- Vasilievic B , Krizmanic J , IIic  M , Marckovic V., Tomovic J, Zoric K and Paunovic M . ( 

2014 ) . Water quality assessment based on diatom indices – small Hilly streams case study . 

Water Research and Management , 4 : 31- 35 .  

45- Javid A , Yaghmaeian K, Abbasi E , and Roudbari A.( 2012 ) . An evaluation of water 

quality from Mojen River , by NSF- WQI index . Journal of Ecological Engineering . 15 ( 4 

) : 1-6 .  

46- Van Dam H, Mertens A , and Sinkeldam J. ( 1994 ) . A coded ckeck list and ecological 

indicator values of freshwater diatoms from the Netherland . Netherland Journal of Aquatic 

ecology  28 : 117- 133 .  

47- Shannon CE,and Weaver W.( 1949 ) . The Mathematical Theory of Communcation . 

University of llinois Press , Urbana : 117 pp. 

 


